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ffS THE NATURAL HISTORY tJP THE MAN- 
LIKE APES. 

Ancient traditions, when lested by the 
severe processes of modeni investigation, 
commonly enough fade away intJ mere 
dreams ; but it is singular how often the 
dream turns out to have been a half- waking 
one, presaging a reality. Ovid foreshadowed 
the discoveries of the geologist : the Atlantis 
was an imagination, but Columbus found a 
western world ; and though the quaint forma 
of Centaurs and Satyrs have an existence only 
in the realms of art, creatures approaching 
man more nearly than they in essential struc- 
ture., and yet as thoroughly brutal as the 
goat's or horse's half of tho mythical com- 
pound, are now not only known, but notori- 
ous. 

I have not met with any notice of one of 
these Man-like Apes of earlier date than that 
contained in Pigafetta's ** Description of the 
kingdom of Congo,'* * drawn up from the 

* Rboxum Congo : hoc est Veba Dkscriptio Heoni 

AJPBICANI quod T4M AB IN JOLTS QITAM LUSITANIS, 

UoHGUs ArPELi.ATUB, per Philippnm Pigafcttam, 



notes of a Portuguese sailor, Eduardo Lopez, 
and published in 1598. The tenth chapter of 
this work is entitled " De Animalibus qua; in 
hac provincia reperiuntur," and contains a 
brief passage to the effect that ** in the Son- 
gan country, on the banks of the Zaire, there 
are multitudes of apes, which afford great de- 
light to the nobles by imitating human ges- 
tures." As this might apply, to almost any 
kind of apes, I should have thought little of 
it had not the brothers De Bry, whose en- 
gravings illustrate the work, thought fit, in 
their eleventh " Argumentum," to figure 
two of these ** Simiae magnatum deliciaj." 
So much of the plate as contains these apes 
is faithfully copied in the wood -cut (Fig. 1), 
and it will be observed that they are tailless, 
long-armed, and large eared, and about the 
size of Chimpanzees. It may be that these 
apes are as much figments of the imagination 
of the ingenious brothers as the wingSd, two- 
legged,crocodile-headed dragon which adorns 
the same plate ; or, on the other hand, it may 

nunc Latiosermonc donatnab AnguBt. Cassiod. Reinio. 
Iconibns ct imaginibns rcrum memorabiliam qnafd 
vivis». oper.-t ot indastria Joan. Theodori ct Joan. Xera- 
elis do Bry fratram cxornata. Francofarti, mdzctui. 
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be that the artinta bare cnnstniclcd fhdr 
drawEnga from some csseiitiiilly faithful dc- 
BPrinlion of a Gorillii or li Cblmpanzei;. Anil, 
ia ciUiur case, lhoiiL:li llicse figures nie worlh 
n passinK notice, the oldest tcuslwortliy nnd 
dcBnite accouDts of any aaitnal of this kind 
dale from the MvenluentU ceatuiy, and are 
due to an Enxlistaman. 

Tlic fliBt edition of Ihnt most amusing old 
hook. " PurcbashiH Piliritmns^-." wa« pub- 
llsliud in 1613, and Iheicin nri; to Ik.- found 
many references to the slateinf-nls of one 
wliom Purchas terms " Andirw Itiilicll <my 
npcrc neiRhhoiit, dwdlingat I.eigli in Ess^») 
Tvbo served under Manuel Silvern Perera. 
GoveinoriindiTllic King of Spaine, at Lis 
city of Saint Paul, nnd milli him went farre 
into the coiintrev of Angola;" ami again. 
"my friend, Andrew Balllcwiiolived in the 
kin;Tc|oni of Congo many jeares," nnd who, 
"upon soma quarell betwixt the Portiisals 
(among whom he w as a sergeant of a band) 
and him, lived clgbt or nine monctba in the 
woods." From Ihis weather-beaten old sol- 
dlei.Pun^haswasamnzedloliear" of a kinds 
of Great Apes, if they might so bee termed, 
of the height of a roan, but twice as bigge in 
feature of Iheir linuaeB. with sirengtli propor. 
lionablo, hairie all o»er. oiberwlse altogether 
;il(H men and women in tUeir whole Iwiiily- 
abape. They lived on such w ilde fruits as the 



^■^^ 




Fia. :.— Slmiai iD]igiut.iia dcliclrt ,— Ue Bry, 1^8. 

trees and woods yielded, and in the uigbt 
•ime lodged on the trees." 

Tills extract is, however, less detailed and 
clear in ita statements than 



Uiiril chapter of the second part of another 
work — "Purchas his Pilgrimes," published 
in 1635, by the same author— which has been 
often, though hardly ever quite rightly, cited. 
Tile chapter is entilled, "The strange ad- 
Tcntiirea of Andrew Battell. of Leigh In Es- 
lex, sent by the Portugals prisoner to An- 
gola, who lived there and In the adioyning 
legions neere eighleene yeeren. " And (be 
SiKth section of tliis chapter is headed, "Of 
the Provinces of Bongo, CJEilongo, Maj'omUe. 



Manikesocke, Motinib:is :of the AlfcUonatc^ 
Pongi), theirbiintin<; : Idolatries; anddiveis 
other observations," 

" ThL* province (Cidongil toward the cast 
bordereth upon Ron^o. and toward the north 
upon Mayomiie, which is nineteen ie^ues 
from Longo along the coast. 

" This province of Mayombo is all woods 
and groses, so overgrowne that a man may 
travailo twealie days in the shadow without . 
any sunne or licit. Hero is no kind of corns 
nor graine, so that the peoplelivethonely up- 
on planlancs and roots of sundrie sorts, very 
good ; and nuts ; nor any kindcoE tame cat- 
tell nor bens. 

" But they have great store of elephant's 
flesh, which they greatly esteeme, and many 
kinds of wild beasts ; and great score of Bsh. 
Here Is a great sandy bay, two leagues to tlia 
morthwardol CapeHegro, wiiichis the port 
•f Mayiimbe. Sometimes the For tugals lads 
loirmood in this bay. Here is a great river, 
called Banna ; in tlie winter it liath no barre, 
because the geiieraii windscause a grtrat sea. 
But wlien the sunne hath bis south declina- 
tion, ilien a boat may goe in ; for then it is 
smooth Imcuuso of the nunc. This river la 
very ^rcal, and bath many Hand:; luid people 
dweihagin them. The woorlo^feso covered 
with baboonea, mooki^s, t^jit. and parrola, 
that it will fenreanyman t-< t^jvaile in thoni 
alone. Here arc nlao tv/o kinfis of monsters, 
■which are common ia thoso r/oods, and very 
flangerous. 

"The greatsst of these two monsters ia 
called PoDgc) in their language, and the lessel 
is called Engeco. This Pongo U l-i nil pro- 
portion like ;i man ; hut that he is more like 
a giant in stature than n man ; for he is veiy 
tan, and hath a man's face, hollow-eyed, witA 
long haire upon bis browcs. Mis face and 
earcs are without haire, and his bands also, 
UiB bodie 19 tub ot haire, but not veij 
Uiicke ; and it is of a dunulsh colour. 

" iJe difEcretb not from a man but in bie 
legs ; for they have no calfe. Ifce goelh 
alwaies upon his legs, and carrielli his bands 
clasped in the napo of bis nccke when he 
goeth upon the ground. They slcepe in the 
trees, and build slielters tor ihe raine. They 
teed upon fruit that they tipd iu' the woods, ■ 
and upon nuts, for 1 hey eate no kind of flcsu. 
They caunut speake, and have no understand- 
ing more than a beast. The people of The 
countric, when they Iravaite in the woods. 
make fires where they sieepe in the night ; 
and in the morning when they are gone, Ihe 
Poogoes will come and sit about the fire till 
It goeth out ; for they have no understanding 
to lay the wood together. They goe many 
together, and kill many negroes that travaile 
in the woods. Many times they fall upon 
the elephants which cometofeed where they 
he, and so beate Ihem with their ciubh^ 
fisis. and pieces of wood, that they will runna 
roaring away from them. Those Pongoea 
are never taken aliva because they are bo 
strong, lliat ten men cannot hold one of 
them : but yet they take many of their young 
ones with poisoned arrowes. 
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" The yoiiiig I'ongo hangelli on lua moth- 
er's belly witli Ilia bilndx fast clasped Ohout 
tier, so that wlifn Ihu cnuulrio jiooplc kill 
>f lUe fiMiialusi tlK-y laUo the young one. 
h iiungelh fitst iiiiun hU hidIIict. 
fflicn iliey ilio among (Iiemsclvcs. tliey 
.jr the ilciul wiOi fiwal litapa of hou^riis 
d wood, wUioU is cmnmoiily Tound in ilji> 

lldoes not aDpcnr dilHcuU lo idwjiify ilic; 
Kt regioa at whicii llniti^Ii s|Kiilce. Lon^o 
Ibuhibss ihu tiumc (if Hit jilnce usually 
f Li'tiT''"i '""ii r-w maps. Jlityomho slill 
'■'■■ <■''■' I. ' ' M-ui's noriliwnrd from 
■ ii-t ; mid Wlocgo or 
. nriillliilinihiis arc yet 
irl 1,1 ■ .■.■■ ,;,:i'.is. The Cniic Negro 
riivcvLT, cuunot IhB Iho modern 
Cape Negro in 10' <i.. einoo l^anugo itself is 
In 4° ti. latiimle. On llic oilier liund. itie 
"gre«t ri»orc(iilBdnannrt"currcsponds very 
JuU with the " Canuna" and " Fcrnand 
■' of modGrn gt'Ographers, which form 
- -"-'--ion this pact of (he African coast. 

,_. " Ciuntna" tiounlry ia ailuated 

nit a doffrou anil n hair soitili nt tho eijua- 
, while a few miles tottienorUioC Ihe line 
lies Ihc G;iUoon, and n degree or so north of 
thai tlic Mitaey Rivor — tmlh well known to 
mt)i.lui'u Tui1\ii~aliHts as loculilii's where the 
of inan-llke apes lias been ohtnined. 
_.. 'er, ut Llia present iky. llic woid En- 
h or N'BChcgo. isapplii:<j hy the natives 
jtcss regioiu to Ihu smaller of llic two 
A Apes nliich inhaint them ; en lUut there 
"be no rallonnl doubt Iliat Andrew Bultiill 
je of that which he knew of his own 
m\aiim, or, at any rate. I17 imniediale cc- 
t from tho nalivcs of Wesiiirn Afrlna. 
"■^ngeco," however, ia ihat "oilier 
" whose nature Bnttrll "foignt lo 
wUilo the name "Pongo" — iippliud 
^._A animal Whosecliaractcrsandhahilsarc 
j'fally anil wircfnlly dp scribed —sntms to 



Bideslheri?erlberestandelh many trees . , . 
Tlio llnnd called Fbngo, which haQi a mrai- 
Btrousli^lihlll." 

Tha Frencli nnntl otHcers, wlimie letters 
are appended to the late M. Isidore Oooff. 
Baintllilaire'scxccllGnt essay on Ihc Gorilla.* 
fioie in similar terms the widlh of the 
Oahoun, ihe trees that lineils bnnka down to 
Die waler's edge, rnul ILo eirong cnrrmt that 
sets out of iL They deGcribe two islands in 
its estuary — one low, called Permqiiet ; the 
oilier liigli, presenliag three conical hilla. 
called Coniquct ; and one of iLcm. M. Praii- 
qnet, expressly slales [lint, formerly. lUe Chief 
of Coniouet waa calli-d Jf^7u-/bn^, mcaiiiiig 
thereby Lord of Ponga ; and that the iflm, 
gue* (aa, in agreement with Dr. Savage, be 
Rfllrms the natives call Ibemsetves) tcnn the 
estnary of the Gaboon itself N'Pango. 

It is so easy, in dealing with savages, to 
misundeTstand their appllraliiins of words to 
tilings, tiiat one is at flrst inclined tn suspect 
Battcll of having confounded the utiDe of 
this region, wiierclifa" greater iniuiaiEi" ttHl 
Hltounds, with the name of the anima) ilself. 
But he is so right about other matters (includ- 
ing Ihe name of the " less«-r monster") that 
one is Inalh to suspect th« old traveller of 
error ; and. on lUc oih?r hand, we shall find 
that a vovnger of a hundred yi-ara" later date 
(peaks of the name " Bog^nie," as applied tn 
a great Ape. by the inlmhilunla of quite sn- 
oUier pnrt of Africa — Sierra Leone, 

But 1 mUit leave this question lo be settled 
liy philoiogers and travellers ; and I should 
linrdly have dwelt so lung upon it vxcept foi 
Iheciirious tioTt played by tliis word " B/nge" 
Ui ilie later hisimj of the miin-like Apen. 

The gi?nenil1on which succeeded Battel] 
saw (lie first of the man-like Apes wliiohwaii 
evi'r bronglit to Europe, or, al any rate, 



fiiMno Sglnilru 



D.I ~ 



. le, LliL- second cliiipler iif 

Purchas' work, which I have just quoled, 

contains "A Description and Historical! Dec- 

^lUBtion of Ilie Golden Kingdom of Guinea. 

^, cic. Traaslated from Uie Dutch, and 

npanHl also with llie Latin," whereinhis 

pd (p, 881!) that- 

?^Tll» Biver Galioon lycth about flfleen 
■ie JwrtUwaiil from Rio do Angra. and 
h uUm IiortJiwiird from Cape do Lope 
JMlvras (('ape LopCK), and is liglit under 
) Eqninoclial line, abiint Hfteene mdes 
dtBt: Thomns, and is a great land, well 
jBtulIy to lie knuwue. At ihe muuih of 
hllmtbere lielh a mnd. three or foure 
I deepi*, whereon il bealelh mightily 

jO nUvnme which nmnelh ont of the 

Vlalotlu: sea. This river, in llie mo'JCb 
', l» at least foiirc miles brood ; but 
/ou are about the Hand called l\>ngo 
rtaljovetwomilesbroad. , , . Onboth whoso Tisit found a historian. In the tUed. 
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book of Tulpiiia' " Observnlionea Medicw," specla Id which " the Orane-oulang orl^g- 
published in 1011. ilio-^Olh chapter or section miediflcr'd from a Man andreBinnbled suorQ 
i« devoted to what he calls Satyrus indieva, lUo Ape and Monkey kind." 
■'called by the Indians Oraug-autaog, or After a cnreful survey of the literature of 
Man-of-the-Wuods, and by the Africans the subject extant in bis lime, our author ar- 
Qjioias Morrou." He gives a very good rivesatihe concluaion that his " Pjgmie" 
%iire. evidently from the life, of the speci- is identical Dcilber with the Oraii?;3 of Till, 
men of this animal, " nostra memoria ex plus and Bonlius. nor with the C^uoins Mor. 
Angolft delalum," presented to rrederkk rou of Dapper (orratherof Tulpiiis),tho Bnr- 
Hcnry, Prince of Orange. Tulplus saya it ri3 of d'Arcos, nor with the Pongo of Bar- 
was as big aa a child of three years old, ,aud tell : but that it is a bpecics of ape probably 
aa stout BSoneofBixyears : and that its back idealiral with tlio Pygmies of the Ancienta^ 
was covered with black hair. It is plainly a and, says Tysna, though it " does so mud) 
young Chimpanzeo. resemble a Man in many of its parts, more 
In the mean while the existence of other than anyof the apekind.oranyothemTijnmJ 
Asiatic maa-Iike Apes became known, but in the world, that I know of: jet by no 
at first in a very mytliical faahlon. Thus means do 1 look upon it as the product of a 
Bon tius (1638) gives un altogether fabulous mizf generation — 'tis a Brute-Ammal ' 
and ridiculous account and figuru of an ani- ffenerig, and a particular specia of Ape." 
mal which he calls "Orang-outang:" and The name of "Chimpanzee," by which 
lliDugh he says, "' vidiegocujus efflgium hie one of the African Apes is now no well 
exhibcD," the said elHgiea (see Fig. (i for known, appears to havccome inlouse in the 
Hoppiua' copy of it) is noLhin!; but a very first ]i?lf of the cighieenth century, bet IhB 
hairy woman of lather comely aspect, and only imporlant adiiilinn made in Uiat period 
with proportions and feet wholly human, to our acquaintnnce with the 

The fudicioua English anatomist, Tyhon, t" - ■ - ■ 

jaalined insnyingof lliis description by B _. _^ 

COS, " I confess I doiulstrust the whole rf p. the dale 1T41 

■MsentatiorL" ..... , , , lo descrihuig the animaU of Sit 

It IS to the last-men loned wnter, and bis g^ ^j^ ^f 

eoadJulorCowper thatweowothe first ac ^ ■■ i,i,aiin„tdescril«aatrange 

ian-l>ke ape which hss any pre- ^„, ^|,^ j, ,i^^ ^^^^ .^ ^^ ^ ~ „ 

a scieatiifc accuracy and com- Mnndrill, hut why it is so called I know 

The treatise entitled, •' Orann. _.. __..'.,.j , -.J , '" •.»_"'"• 






I 



■ ( ■_ if„™, c!,.7.w,.-. . „..i,. i„n.„™,. "I", "ur did 1 ever hear the name before, 

^atanj,«wifs7™.S<,iMi(m or til.; Anatomy neither can those who call Uiem - ■" - 

of aPygmiocompaiedwihJiatof a«^ ti( ^ j„, ^jg,^ 

BO Ape, and a Man. published by the Royal hmn, 

Snciety in 169i), is indeed a work of remark- 

able merit, and has, in some respects, served 

aa a model to subsequent inquirers. Tbia 



i brought j^. 
iS first taken ,;, 

_„._.. .,. .... _>initiy ;■■ il 

19 of aCDol-blacK colour, and ' 



TcscmblancQ or a 

crcuture, though nothing at alt like 

Ape. Tlieir bodies, when full grown, 

IIS big in circumfcreaco as n middle-sized 

man's — ihcir kga much shorter, nnd their 



feet large 



la and handii in propor- 

mslrously big, and the 

, without any other hair 

,,,.,. J J 11 hut the eyebrowa ; the nose very small, the 

■■when Uwent .. a ,j„;drai»d on nil „„„n Ja„, „j'„„ „„, u,,.,^ ^lo face, 

which is covered hyn white skin, is mon- 



rger; 

The head is 
face broad and flat, ' 



(our, 'twosawkwardly ; not placing the palm 



when weak and had not"strenglh enough to r"mTdsTa;o no moic W Van^iie'h« 
support its body ■■ " Frotn the top otthe ;!iV,r's^mrwhiSn,'ho^,gr all t'hV"r^sJ 
to the heel of the foot, in a straight „f ,hu body is covered with long black hair. 
t measured twenly-Bix inches. nke a licar. They never go upon fdl-fourp, 

;!e characters, even without Tyaon s nko npes ; but ciy, when vexed or teased, 
flenrea (Figs. 3 and 41. would Have just like children. . . . 
licen sufficient lo prove bis Pygmie to be ,, .^^. -, , o, , t, ^ 

n young Chimpanzee. But the opportunity When I was at Sherhro, one Mr. Cum- 

nfesamining the skeleton of the veryanimS SfI^;*'.]l'i'JP„^ll;5'i^r' 
Tyson anatomized having mostunespcctedly " "' "■""""■" "" -""-■ 
presented itself to me. I am able ' 
del 



, after to mention, made ir 



nexDCctedlv "'^^^ ^^ 'ut^uLiuu, umuc luu u prci^rt of . 

laeii HI uiu 1 Bill uuiB to bear in- "' ^^^'^ strange nnitnnls, which are epiU<-ii' 
leatimony io its being a veritable ''/ ""= nnlives Boggne : it was n die-eub 



Ailhoughfuiryapprec;a"tinglheresem&!anceB Baboou. Ig 

between hia Pygmie and Man, Tyaon by no ?''^y'=^- ""» '"'*'" ".o* " 



1 cliarge lo One of IJii/ 
eeu ma i-vbiuic nuu IJI.UU, 1 jauu VI lAv - . w lo ^t*-ii oiiu nuioe li,' 

,„™aa overlooked the difl-erences between ihc ^'"S a very (ecd.-r sort of auimal ; but 

two, and he concludes his memoir by sum- whenever I went off the deck the sailow he- 

nimgupflrst,lliepohit3iuwliich"theOmi.s- gan lo leuzc u-somc loved to see its team 

outiSg or Pvgmic more n;scaibled a Slan and hearil ciy ; olhershatedllSMiotly.iiQac ;. 

than ipea and Monkeys do," under forty- one who hurt it, being checked by the negro 

I Mven thstincl heads ; and then givinc, In >l'8t lf">lt <^a/? ."f '*■ '"''1 "'^ alavo he wa* 

^■fcirty-four similar brief paranraphs, ilic re- 'wy fond of his countn'-woman. and asked 




BUIib elioDld Dot lihe lier Tor a vfifef 
tWlllcIi iLh Hluve very rcutlily replittl, 
Ij'UilS nu my wife ; this a white womur 
Bill I wire for you, ' This unlucky wit 
Mmfgro's, I fancy, liastened its dealli, 
'fXt morning it was I'oiind dead andcT 
Inilluss." 
ItHinm Hmllb's " Mamlrill,*' or ■" Bag- 
Vui Ui» itthcripiini\ tiTid figure testify, 
SrUJitmt ildUbl, u Chimpanzee. 
"flOHM know untiling, of bis own obser- 
fc, ot tlie Dum-tike Apcsof dxher Africa 



or Asls, but 'a di^crtaticin by his pupil ncT 
piusin the" Amcenilates Academicaj" ^Vi 
" Antbropomurplm") may be reganlca lU 
emliortyiL-ff bis views rcspectics- ibesE ani- 

Tiie aiss-rlalLOn is iilu«triluil Iw u phle, 
of wliich tho Accompiuving wood-ont. Fig. 
0, is a r-^uwid copy. Thu fln^irpa are en- 
lilted (froTu i?rt lt> risht). 1. T-wTWirfB 
BunUi; 2. Lucifer Ji.'rnt.:inli ; 3. S^tarvt 
TidpU; 4. FgsiiuMui: Eamrtli ''lie- drsi U 
a Ijad c&iu of Botiiius' flctiti'm? • rjarcnj^ 



II Iiid»or!en- 



14 uvuBS uioeti. S» Oil 1 ^uciu que n 






EVIDENCE AS TO 5[AN-3 PLACE IN NATURE. 

itang," In whose cjiatenco, however. Lin- firalo di 

IS appeara to bave fully l>Elicvcrl ; for in found a 

Btmiiiard ediiion nf iLc ■'Sj-^teniH Na- of llie Pongo nod tUu Eiigeco. All Ihesa 

" it Is oniirneratBd aa a second species dula Buffiui altempis to wild lopetlief into 

mo; "H. noctumus." Lndfer Al- liarmony in liis chapter eniiiled " Luajllrang- 

rUiancopy offtflgiitein.Mrlrov.inrliis. ouliin^ on lo Pongi ■^. - .- 

Quadrupndibus digllnlis vivlpuria," title Miu following u 

_,il). 9. p. 240(1045). entitled, " Cerpopillii'Ciiis , 

formic rara JiirbUim viicaluB ft originem «. wi„ "K"™^ o 

Cbtn[i duccbat." Hnppluaiaof oplniou llint d.- cnneo. ' 

lliia may be one of that oat-tailed people of " J«4ii. Bnii ■ 

whom Nicoimia Kftping affirms tlinl limy eat ™[JiIi,'IiA' 
a iKJal's crew, " guWnftlor navla" and all ! 

In the " Syatema mtlune, " Llnnsua cuiU it, Tims it vran liiat Andrew Batr.ell's " En- 

a note. Bbmoaiudalua, and EGema inclineil gt!co"buc!i,mL-mclamurpbu5<!dintu" Jccko," 

regard it aso third speoiea of man. Accord- und, imlie latter shape, was spread all over 

ing to TemmJtJck, Siiti/i-us TalpSi is a copy the wi>r ' ' ...... 

ot the figure of a Cliimpaaaee puiflishcd by popiilari 

Bcotiu ii^ ITiS, whicli I have not aBen. It is Prevn.-i 

tta Satyrui indium of the " Syslema Na- didai.'ii 

turai, " and is regarded by Linowns as jiossi- tpll '.i buI 

bly adisiioclspe'deafronj Sittyru* tylDtsirit. tide," 

TliB lait, named Puginsuf Edwurd!, U copied Pongoa 

from llio figure of a young "Mao "f the derstaii'irag m 

Woods," or true OraaK-lTtan, given in Eil- by Biiffoa "i 

wards' " Gloaninga of Nuluriil History" ait plui d'tnti 

(VlTiSi. iMUie;'- and 

Biiffon WBS mora fortunate tlinn hia great " He told me 
rival. Not only hud lie llie rare opportunity 
of cxamliiiug a young, Cliimpi 



,■ if Bill 






e of the 
* wiirki. The Abbe 
!\vi'CD them, howi'ver, 
rHliymoinral To Bnl- 



lital 

M 

■ tee. 



1 (TrngO Ini I'M 

t of lliu grest 
larks that all tba 

• bi-ought 
.-ii^eaU 
irv mighi 



IItUi^ state, But lie Ueciime ponaessed of an the Fi'er 
ndult Asiatic man- 1 ike Apt — ilie flr-iLnnd the un petit nftgre qulpa.iia un 
laa I adult specimen of aoy of tbesa auimuls Bocitti'r do cesnnlmniix." 
ijrougiit lo Europe for many years. Wilh After quoting Hit ncr'in 
the vnluableossislanceof Daubeulon, BufTon Pungo, BiiHon justlv r 

"^ye Anexcfllentdoscrlptiunof Ibiacreature, •' Joekos" and " i ti.ii,-.. , 

hich, from ita gln!|ular proportions, be to Europe wiir 
" llio lontf.armed Ape, or Gibbon. It that, in their :i J 
udero I^Io&n/M tor. be as liig aa ibe 1' ■:■■; ■ "i 

when. iulTOtt, Buffon wrote the four- sjibal, provU'intiiili.i , Ui; u;;iiKk-i 
teeiilli vi)luinanC blsgroat work, lie WJ13 per- tlruu';;a, and Pongii^. uj ujl of 

aonallj; (.imiliar wilh tba young of one kind And purluipa tliia waa asmiiuh a- . 

of Afcican man-like Ape. and willi the adult kunwludgo ut the lime warrantwl. But how 
of an Asiittic species — while the Uraug-Utan it cume about that Buffi'n fuili d In perceive 
and the Mandrill of Smith were known to the similarity of Smiih'a " Mimdiill " to hii 
him by report. Furthermore, Ihu Alilie Pre- own " jocko," and confounded the format 
vost bad translated a good deal of Purcliaa' wilh ao totally dilleient a cri^tuio as tlur 
Pilgrims in[o French, in his " Ilisloire gia- liiue-fnoed Uabouii, is ui>t bo uisily inlal1i£i( 
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Twenty years later Biiffon cfiaDged hia 
epiolMi, and eipreased Ills bi;licf iTial Ilia 
Omn^ cuBBii luted a genus witL two species 
— « krgo oup, the Pongo of Batiel], and a 
■mall one, [he Jocko: llmt llie amall one 
(Jocko) is Ibe EeisI IndiaD Oning : nod Umt 
Uie young (inimHla from Atrirji, ob-ervBil by 
hfmsi-ir anti Tulpiua, nro simply young Pon- 



to Holland, nod bis count rjmiin, tUc famous 
cnatomiBt. Peter Campflr. publisbed (1T7B) 
an essay on the Omiig-tllan of similar value 
to that of Tysrm on i lie Chimpanzee. He dis- 
feected gevcrnl females and n mnle. alt of 
wlilcb, from Ihe state of ibeir skeleton and 
their dentition, he Justly supposes lo have 
beeo young. Iliiwever, judging by tbe anal- 
ogy of msn, he concludes that they could 
aut liavB excceiled four feet in heighi in the 
adult condi[iou. Jr'uiihermorf, bt is VL-ry 
clear as lo Ihuspecllii: disUndtncBs of the Irua 
East Indian Uriin^. 

■■The Oranii." says hi-, " diflfers not only 
from tJi« Pifc-my of Tyson and from the 
Oiuugot Tulpius by iis pi'ciiliar color and 
lb Joog toes, but also liy ua whole exlemal 
form, lis aims, its hand,', and its feet am 
louger, while liie thumlis, on ihe conirary. 
nw much shorter, and ihu great loes much 
wnBlUr m proportion." And ugiiin, ■ The 
true Orang, that is (o bay, llintcr A»in, that 
Qt uonieo, IS eonficguenily not Ihe Pilhecua, 
or laiUcsa Ape, which ibi; Greeks, and espe- 
filally Galen, havedei*ribed. It is neither the 
Pongo nor tbe Jocko, nor IheOrflngof Tul- 
pitlB, nor the Pigmy of Tyaon— I'i in nn ani- 
miU efa peculiar tpeeien. as I shall prove in 
Ihfl clearest maimpr by iheorgans of voice and 
Itaoakeleton. In the folkiwing chapters" 

A. tew years Inler. M. Radeimacber. who 
held obigh offire ie I hi- Government of Ibe 
Dntch duniinions In Indtn, aad was an oclive 
nwrntier of Ihc Bniavian Society of Aria ond 
Bdences, puliTiabed. in Ihe stcond part of 
Ihe Tmn*nclion« of that Bociely. a Dcsciip- 
tion of the Island of JJorneo, which was writ- 
ten between Uie years 1770 and 1781. and, 
nmoug milch olber inleiesling maher, enn- 
uloa some noiea upon (be Oiang, The 
small sort of Oran)--Ulon. vbi., ihatof Vob- 
maer and of Edwards, lie aayn. u found only 
In Borneo, and ehirfly about Baujurmasslng. 
Mampauwa. nod Landak. Of ibesehc had 
Mwn some fifty during hia rcsideote in iha 
InillGa ; but none exceeded H feel in lingih. 
TIi« larger aori. often regarded as chimera. 
CMitiiuicn liadermncber. would pniiapa 
teaig luve remained ao had it nut been lor 

• nertl'ms of ihe Ifcgidrnt nt Rembang. 

"falm, who. on rtiuining from I.nndak 
■fU Pontinna," Blot one. aud fcnvuidcd 
f Balavia in spirit, for Irantuiii^siou lo 



.^uimry to oil nxpectalion (since long afo 1 
offered more than a hundred ducals to ths 
natives for an GranD-Utan of four or five feet 
high) an Oranj;: wliicli I ticard of Ibis morO' 
iu^ about li^'bt o'clock. For n lonir lime we 
diti nur lieijt lu lake llto frightful beast allTO 
in the dense forest olioot half way toLandak. 
We forgot even lo tnl. so anxious were wa 
nit lo let him escape : but it was atcesfarj 
to lake cnre he did not revenge himself, aa 
he kept conliniiully breaking off heavy pieces 
of wood and green brancliea. and dasliing 
them ai ua. Tins game lasted till fooi 
o'clock in Ihe nfiernoon, when we deiermiued 
lo shoot hini : in which I succct-ded very 
well, and iudced hetlerlhan I ever shot from 
a bnal before ; for the bullet went just Into 
Ihe side of his rhetX. so that ho was not 
much damged. Wo got him inlo tbe prow 
stEli living, and bound him fast, and nest 
morninghe died of liiH wounds. AllPontianft 
came on hoard to see him when we arrived." 
Palm gives his height from (he head to the 
heel as 49 inches. 

A vary inieiiieent Gorman offleer, Baron 
Von Wurml). who nt this time held a post In 
Iho Dutch £nBt India service, and was Becro- 
tary of the fialavian Hociety, sludiud Ihfa 
animal, and his csrefal description oT It, en- 
litled '■Beschrijving van der Grooie Bor- 
neosche Oramz-oulang of do Oost-Indlsclie 
Pongo." is contained in Ihe same volume of 
the Batavian Bocielv's Transactions. After 
Von Wurmh had drawn up his description 
he states, in a. tetter dated Batavia, Febriary 
18th, 1781. Hint Ihs specimen was sent to 
Borope in brandy to be placed in the colleo* 
t M of the Piinca of Grangu ; " uaforlii- 
nit-'ly," ho continues, "we beaf tliat thf. 
s'llp has been wrecked." Von Wurmb died 
iu the course of the year 1781. the letter in. 
wliich this passage occurs being the last ho 



lisliHd in Hie fourth part of the t 

i^f tha BalBvian Society, there is a brlet do- 
-C'tption. wilb measurements, of a femala" 
Pjuim fonr feet high. 

Dill elllier of these original specimens, on 
W licb Von Wurmb's descripiioua are bused. 
e 'i!r reach Europe 1 It la commonly sup- 
p )SGd that they did ; but I doubt the faut. 
P jr, appended to the memoir '' Da I'Ouninjf- 
oulang, in Uie collected edition of Camper * 
worlts, Tome I., pp. «4-G6, is a note b/ 
Ciimpor himself, referring to Von 'Wurmb « 
ptipers, and CJiitlmiing thus: " HerototniB. 
tills kind of npo had never been known In 
Europe. ItadBrmaoherluw hail the kindness 
to seaJ me the skull of one of these animals, 
which measured iifl^-lhrec inches, or tour 
feet ttvo inches in ht'iglit, I have sent some 
sketcliei of it lo M. SoemraBring ni May- 
cnoe. which are better calculated, however, 
to give an idea of the form than of the real 
BUH of the parts. " 

Those ekeichea have lieen reproduced by 
Pisehor aai) by Liicaj. and bear data 1783, 
Siemmariug havinj; reoeived ihem in 178t. 
Uoii cither of Von Wiirmb's specimens 
ruuched Holland, they would hardly hav« 



nm iteB (aw fort h^^ 1 rMMrt Ifcw T 
■kdebn ke»i« on tbe tKk PecBBkr. 1:83. ! 
•Aet it had bee* acclkatlr pitt ■» t^*s bf i 



iisst tbrtof the aoiv^ dwtHbwi ttrkn. 
Th[^l^Tn ■l^l^^tin■'^'J^^^"'^ " 



dMafl br aad Ira-; mad b 
aridcMh^ ht dootit as t» n« nJaiMBoC ikb 
gmt " rat$a'~ 1> hit ' pak Ocaa^" 

The pronttscd further taTeoi^tiaBS ««» 
neier earned oat : aadioitl Mp iww w lthaltha 
Bn^Dof Von Wimab Ink iU place hf the 
rideof Iha dunpanzMi. GaAon. atid Oiaag 



^KcineiH of Clumpsniec and Onag which 
had beea tUmeered mnv sbmII of «iaiare.B»- 
pilaTlvliiiiiiBD in aspect, gtatle, aad docile : 
whOe Wnrmb's Pcai^ maa a aumstet ataaoa 
twice ihcir nie, ot \asl streagih aad fieice- 



pralMUrbe nch nn It 

iKBtaitefta^of Vaa^ laibesi 
eAOna af the ""' — ■-" — ■- ' 
CmiR-iBfcn ffoa 
ih* pans" md " 

—^- ndntsresof ihr had" Ont II 
the adattaf the OiweXuni." 
least «t a wrj efanlT iBM ■praes," 
thb witlajinn *» eicnUafl; pt -" 
Toad an ^oM far nv^mor Owen's 
"- - 1 fat ^" ZMfaskal 'Has* 
aad hT Tcanainric is his *~ 



l»r tlK out- 1 



great projecting aniz 
teeth, bemg fnttber 
powth ot tte cheeks into' 

Erentnalhr, in accordaace with the vmal 
f*"*"^'"; Itabils of (he Kevolulionatyar- 
adea. the " Pongo" i^eJeUM was carried avtu 
ban Hfdland into F^snce, aad notices <if ii. 
expcestl; inleoded lo (knumsttale its eoliia 
dMiactaeae from the Oran^, and iU affinity 
wiUi the babaow, were firfn. in MSH. bj 
GeuEroy St. Hitaire and Ca*kr, 

Etcd in CaiierV "■" ■■ - — 



of the crideaee which il affords as t< 
nadifiealiaa which tbe form of the ( 
nadennes meevrXms to ^e aad sex. 1 _ 
BOMi irst pnUubeil aa aecoaat of tbe in 
of the Toon* Onnc. wlkile i^andif art 3 
and Sc^b^ descnbei] Oie onecksa 
THcen of tbe adatt, aad|s>*v Iheearlii 
iw>ed aad Innlworthr hotorT of the h 
of the ^nnt ladkn Ape la a sM« < 
aad asiHportaal addilMaahare Im 



It U oftaiiilj the Poa>o of 1 
and it b as cettaioly not the Pongo of E 
tell, seeing Uiai the Oran^-Ulan is oa" 
codDdmI la tbe gicU Atiatic islanda of Bi 



And while tfca uro gi esa of dtsoorcf^ |] 
cleared np the histotT of the Ofang, it I 
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nl sriife), * 



tecome cslrtblisbed ibat llic ooly oilier 
like Apca in ili» Knsii^ru world vera Ibi.- •«- uviv n^i 
rious Bpsdcs (if Gibbon— Apea of smnller upininn 
Btututv. itnil UiBrcfore atlractiiiir less iillen- ii-'-'i"'" 
iion tlinu lliu Unings, Uiou?b tbey arc spread 
oirerumucb wider range of counlry. und arc 
henuo mora occcsHlblij lo observatron, 



Altbousli llie gBographical au-a inlijibiled 



linl 11 belonm'd M n 
'» "'.„'"""?-'• I ixpriwhi;(i Ibis 
."''■ "il=- vviibiiricBirpfortui'- 

lll'j.' iiii/eMr(;p|(ici) ; tiiid, if prissibltJ. lo dfCidc 

Mil! jiiiinl hv lUv rnP|iot:Uim of n specimen. 

alii^e or dciid. Tbu iwult of llw-combinefl 

r4ion3 of MvwrB, Bavnge and Wilson via 

niily ibo oblMlniDg of u very full a< 



by the ■■ Ponjo" aud " Engeco" of Uoitell "* I"b bsbits of this new crL-.iltire, but a Htill 
is BO much nenrer to Eurorw lliiiri Ibiit in "J'J,'" ""Pcrlant Berviw lo scieuce, llic en- 
wSich the Oranir and Gibbiiii arc (oiiDd nur """"S Ibe excellent American analomist al- 
acquainiaufe (villi ilm African ApfS bns "^r njenlionoil, Professor Wyman, to da. 
been of slower Krowlb ; indeed It is imly ^""f- •.''om ampJe imUerialB, tbe dialiautive 
withia Ibe last few ycais lliat ibc iruibtul <»f<''''Eir-al characters of tbe new fofm. TMa 
storyof the old English lulveiilnitrliii.'! been animal was called by tbe nativea of Ibo Ga. 
renucrcd fully iotclTigible. It whb not iinl'd ™°? Enge-ena. ' a name obtfiouBly iden- 
1835 that tbe akeieiou ot Ibe B<iult (.■lum- Jical with tlie " Ingena" of Howdicfi ; and 
ptmioe became known, by the piiMlnniion of "f- M^ago arrived at the condctioii tbal 
PrOfesHor Owen's above-mcnlioneil vtrv cs- *'"* '^* discovered of ail tbe great Apes was 
oellEOl memoir. "On ilie OBteoloJj- c( ibe "»i,h]ng-sousbt - Pongo" of Balleil. 
(ailmpanzee and Orang." in llie Zotilmical , iue ji'slicc of Ibis conclusion indeed iti 
TrnnsiictionB— a memoii wbirb by Ibeabcu- '«'y?n''''o'>''l— 'or not only does th'e ■' EngS- 
r«ey of its deBCnptinns, tbe carefidaess of f°% afrecwtib Bftl.tcli's "greater monster" 
lla coinperiBons. anil the excellence of ila "? "* hollow eyes, ils great alatufe, and iU 
flpiios. made an epoch in the history of our °'"' "f "on-gray color, but the only other 
knowlndec of the bony framework, not only "i^p-ldte Ape wbieli inhablls these latiludea 
(if the Chimpmuice, but of all the inihroootd T"^^ Cbiuipanzce— is at once ideatlfled. by 
Apes. l^ smaller si^c, as the '■ lesser monsler." and 

By tbe investigalions berein detailed it be- J? excluded from any possibility of being Iho 
came evident Unit the old Chimpanzee ac-i ^°J'S"- i)y the fact tbat it is black and 
nuircd a e».e and aspect as diffirent from °°' """■ '"^J' nf'ibiug of the important cir- 
those of the young known lo Tyson, to 9".'^lance alremiy menlianed thBlitsiill re- 
BulToD. and to Traill, as those of tbe old wioB^^Ihe name of ■' Engeko" or ■■Ench5. 
Omng from the young Orang t and ilie sub- ^^i*' ''J' ""leli Daltell knew it. 
sequent very important researclies of Messrs. „^ ^^"'"S ''"' " s[«'^i''c name for the 
Savage and Wyman. the American minion- ■E-ogc-ena, however. Dr. Savage wisely 
ary and anatomist, have not only confirmed IVO'um.Hii much misiisi-d " Pongo :" but 
this conclusion, iiut have addud inany new n""'"^ '" "'e ancient Periplua of Harmo the 
details. word Gorilla," applied to certain hairy 

One of Iho most interesting among the *»'i'REpe'>i'lP.'''af'oveied by theCatthoginian 
many valuable discoveries made by 0r '^"y^ser in an inliiiid on tbe African coast, he 
Thames Savage is the fact that Ihe natives ■"■'""''S" t^o specific name " GoiHlla" lo his 
Id the Oaboon country at tlie preaeat day 2?" "l*^' "^I'^iifc arises its present well- 
Mply to the Chimpanzee a name— •■ Enchfe- ^'o^n appellation. But Dr. Savage, more 
dco — which is obviously ideulical with cautious than Bome of his successors, by no 
tte "Engeko" of Battell, a discovery which, roeans identities bis ape with Hunno'« "wild 
ana been conHrmcd by all later iniguirers. nien." lie merely says tiiat tbe latter were 
fltlteU's " lesser monsler" being Ihus proved "probably one of tbe species of tbe Orang ;" 
-lo be a veritable cxiatencti, of course a and I quite agree with M. Biulle that there 
■trong presumption arose that his " greater is no grouniT for identifying the modern 

.. ^|j^ ■■pongo," would sooner or " Gorilla" uilh that ot tlie Carlhaginian ad- 

ind indeed a modern niiral. « 

-- had. in leiD, found Bicb.- the memoir of Sava^ie and Wymau 

Btiung evidence among the nalives of the 'was pablished. tbe skeleton of the Gorilla has 
exlatcncD of a ecconrl great Ape. called the ^ioea investigated by Professor Owen and by 
" Ingena," " five feci high, and four across tbe late Pnifeasor Duvemoy, of tbo Jardin 
U)aBhOuldetB."tlie builder of aiude house, des Plantes, tbe latter haviug further sup- 
OS the outside ot which it slept. piled a valuable account of tbe muscular sys- 

In I1M7 Dr. Savage had ihu good fortune tern and of many of the other soft parts ; 
to make anotherandmost importantaddltion while Africau niissionaries and travellers 
to our koowlegc of the man-like Apes; for ^ Jiave confirmed and expanded the account 
bring UQ«|)ecied1y di-Uined at Ihe Gaboon otiglnaily given of the habits of Ibis great 
River, be saw in tlio house of lliu Rev. Mr. ^nau-like Ape, which has had tbe singular 
WOaon. a missionary resident there. " nskuU fortune of tiuing tlio first to be made known 
repnsentetl by the natives to be a monkey- to the general world and the last to be scien- 



Uid the information derived from 
WUigent natives. " i was induced. 
Skvage (usins the term Urong in i 



Two centuries and a half bavs paaacd 
ipveriil in. away since Battell told his stories about tlio 
■ Biiys Dr. "greater" and the "lesser monsters" to 
B okl gen. Purchas, and it has taken neatly tluit time ' 
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I'antvQ h', Ifu: rli'ur n?«ult ibnl tNcm iirc Karcted Bimply ae disUntt specfea ol one 

four diatliiri Kintlx of Aniljropoids — in Kant- ^uub. T'l-oglodple* ; by olliers an rtisliDct 

urn Asia, Ilic Ullitiniis iiti<l ilie (tiangs; in ^ncrti — Trvglodylea bejoj; resurved for tbe 

Wcatcrti ATiica. iliu CliimptiDKeMa anil llii.' OliimpiiiiEues, and QofMa for tlie Eng&fina 

Qorilla. or Pongu. 

The niuM-lilii! Anec, fiu iiislorT of wbose 

dbcuvvry tiiu ji»( lii''nil.'luilFiJ.liavectrialn Sount] knnwledge respecllng tlie habfta 

(^uruituifi i:i "iiiKliiri: iitidof dislrilnitina in and modG of lire of the innn-like Apes bas 

nomin-^n. TIhik, riiey nil Imvu llii; same been tven mofu difficult of nllHlnment than 

ttiunlMU'i^r tiLi!i :>a iiiiu)~pO)>Hessrii!; four in- uorrcci informniinnre^rdiiielhcirsimcIUTe, 

tiaors. lw« twiiiiiiw. f-iur ful«e iniluie, and Once in a genoralion, a Wullamj maj- l» 

elx II'Uu iilol.i-' ill 'ticli jaw, nr '-it iPUlU in found pliysii-Rlly, mentally, and mnrally 

all, ia till- iidiili c-mt'lUidii ; wiiilc ilio milk qunliflen lo waiidpr unsi-atlicd llirnugh tUe 

ilcntiliimri'ii-fifis 'if in loi-lli— ipr f'lUf iiici- Irnpical wllds of Amerii;a and of Asia, ts 

aon,lwa ciifiiuLis, and futu' mulaiii in Ku;ti form magnificent collections as hu vrandera, 

£,w. TliL-y art! wljut are called (jnlarrlilue lud witlml In tlilnk oiil aagncioualy lUe con- 
pea— llial is. ilitir Dosiiila have a narrow elusions ansgccicd by bis collecilons ; but, 
parUlioauod luck diiwawnrd : and, furl Lie r to tLe ordioary explorer or collector, tbe 
nnie, iLvir arniH are ulwayn lunger tlian dcnec foreHla of eqnaiorial Asia and Africa, 
Ibclr legs. Ilic dilTurcuai being somellmea which constitute lliff fuTOrile habitation of 
(troaicraod sometimes ieaa; HO that if the four rtie Ornnt'. Ihu CliimpanzM. bjmI the Gorilla, 
were ana u^"i in liiP oiderof the length of prt-scntdilficiiUitaofnoordiDarT magnitude ; 
U>Mrurm!>ia iirup'itiinn loiliut of Ilieir legs, ami the man who risks Ills life by even a 
wo sliniild have IliU scries— Oraog Ui— 1). ^oti visit to the malarloiw Bhores' of thaw 
OiUlinn di— 1), Gorilla (\{ — I), Chimpan- regions may nell be CKCuacd if he shrinks 
7xa (Ij"-. — 1). 1" "II- "le fore limbs are from facing the dangers of the interior ; If 
teimiunti'd h,v liumls, provided with longer he con I ents himself with stimulating the in- 
orhl.iiit.i iluuiiij-.; 'v]i:k-ih(tgioittrieof tile dustry of the belter seasoned natives, and 
font, Tin iv- -iii.iP, [■ iliiiii in ^lim, is farmore colii^Iing and collaling the more or leaa 
miivjiiili.' iiiii] ill iiii.i. iiud can be opposed, mvlhiciil reports and traditions with which 
like ii liiiii^i'. 1 I lUf ll■^Lflf the foot. None they are loo ready to supply him. 
of Ihi.-o iipij'J liiii r' i.iil.'i, and none of them In such a manner most of the earlier ac- 
poBsess Ihi^ ciici-k-|)'iiiclius common among counts of the habits nf the man-like Apes 
muniup's. Finally, llM'f aru all iuhabilanis of originated ; and even now a good deal of 
the olu wnrld. what pussi's current must be admitted lo have 

The fiiliiionB dre the Manliest, slenderest, no very safe Foundation. The best informa- 

■nd lutigi^itl -11 milled of llie mun-ltke Apes ; tion we po»i«ess is that based almost wholly 

their arms are lungcf in proportion to their on direct European teslinionv respecting 

bodies l\a\a those of aity of the otlterman* the Gibbons ; the next bext evidence relates 

'ike Apc», eo that they can tuneh the ground to the Orange ; while our knowledge of th$ 

when etetl ; thrir hands are lunger than habits of the Chimpanzee and Uie Gorillft 

their teel, and they are the only Anlhropnids stands much In need of support and eulnrge- 

wliicli pwwes callosities like the lower mnn- meat by addiiional testimony from iNStnicied 

k«ys> They arc variously colorud. Tiie Eumpe.in eye-witnesses. 

Oranga have arms which reach lo tlie anklea It will lliprefnte bo convenient in endrav- 

la Itie cr^t positlrtD of the noimal ; their ming tu form a notion of what wc are justi- 

IImubIk and urcut toes are very short, and Sed in believing about ihcjc animals, lo 

Ikeirfeclaic lotigerlbaa iheir hands. Tliey commeneo with the best known man-like 

uc ravvrcdwitbreddisli-brown hair, and the Apes. iheGlbltons, and Grants l and to make 

aidee of the facu, io adult mulus, are com- use of llic perfectly reliable infoimaiion ro- 

njouly prDduced into two Grosceniin. flesible spccting Ihcm na a sort of criterion of Ihe 

exrri-ei-Tiii^os, like fatty (iimors. The Cijim- pioliahle truth or falsehood of assertions re- 

nan7JH:s have arms which reach below the ' speelinj; the others, 

hnr-ov : tticv have large Ihnmlis and great Of the Grmioss, half a dozen species arc 

1.,,.. ti,..;,. i,,i,k1b ore longer than ilieir fcot, . found aciiitered over the Asiati'! islands, 

ir li blauk, wlitlelheskin of Ibe'java. Sumatra, Borneo, and through Ma- 

Thu Uoiilln, lasiiy, bas arms Isccu, Siam, Arracan, and an uncerialn ex- 

''1 tlie middle of the log. inr«;<-' ^^mtol Eiudostan on ths main-land of Asia. 

I i.'icat toes, feet longer thiin the The largest aitain a few inches above three 

li]m<l'-, [I i^luclc face, and daik-gray or dun tael In height, from the crown to the heel, 

balr. EO :L I they are shorter than tlie other nian- 

Por the purpose which I have at present lik; Apea, while Uie slendemeaa uf their 

te *!*«•. it is uiinecoKsary llial I should enter b-iditi leaders their mass far smaller In pro- 

ini„iiiii fiiriitijr m in utile respecting ihedls- puriiun even to this diminished height. 

:i ii'ra of the grnriia and species I).'. Salomon Multer, an accomphshed 

ii'-c man-UkeAiTes ai'e riivideil IJaich naturalist, who lived for many yeari 

SiiIUpi- it lu iwy, thai the in the Eiisturn Archipelago, and to the result 

lue GihlKins cnnslilute liio dla- of whose personal esperienco I shall fre. 

iiiKi ^criMu, .'vmiu and llyUilHttfr: ; while the qaenlly have occasion to refer, sliitL's thai 

fJhunjionu:w ulld Uiiiillas src liy b'jme r«- tlie Gibhons are tiue mounlaineerji, loving 
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Ibe alapea anit ciIgeB of Ihe hills, Lhough Utey 
rarely ascend bi'yond ihe iimil uf the fig- 
Ireefl. All daj lun^ tlicj hniint lbs tops oF 
Uic tall IreeB. ond Ihitugli, lowerd eTCDinc, 
thL'y descend in small irnop* lo llie open 
KTound, DO Booner do Lite? i^py nmiin than 
tlH'y tlarl up lUe hillsides and disappear in 
Ike darker valleya. 



HfflnnH ibst t' 




{IT. pUtatai), ufLer VioV 

All observers testify to Iho prodigious \»i- 
ume of voice posacascd by thcae animiilB, 
According to the writer whom 1 have jnal 
died, in one at them, the Siamang. " tbu 
voice is gmTe and pc nut rating'. rcBcmhling 
the Bounds %piik, gnck, gOek, gOek, gouk \va 
h\ ha ha hautiail, and may be uasilv htianl iit 
S distance of half a league." While the cry 
is being uiiercd. the great membranous lias 
under the iliruat wlilcli communicates vviih 
the or^n of voice, the so-imlled " Inryn- 
(tealaac," iiecomea greatly dislenifed, dimin- 



M. DnrHiicPl. I 

y of the Siamaii; 
— inFikinK Ihe wi,(mIs linir Bjniiu. S.I : 
Martin descrilies Ibe trj-iif llie H«ile aibl„ 
aa ■' overpowering an i deafening" la 
room, awl "from ii^ bireoRtli, well rail 
lated fi^r rcBinmiliuj; through tbe r) 
loreEts. " Mr, \V ulerhouse. an accompliahi 
muaii;iuu hh well ua zoolugisl, saya. " Tl 
(Jibliou's vdlceiscerlwoly much more powe_ 
III! than Ibiit of any singer I ever heard. 
And yet it ia lobervcollccled ibnt tbisanioi 
ix uot half ilic height of. und far leas bulky 
propoillOD than, a man. 

Ihere is good reatlmouy that Tarloi 
fpeciea of Gibbon leadilytnke to the ere 
poBture. Mr. Oeorge Bennett, a Terr e 
cellent observer, in describing the habits i 
a male Bylabatea tyndaetyhia which rem^t 
for some time in bla poasession, says : " I 
I&variably walks in the erect posture irlii 
on a level surface ; and then the arma eiti 
hang down, enabling him to assist hlmsi 
with Lis knuckles ; or, what is mora uaui 
he keeps bis arms uplifted in nearly an ere 
position, with tbe hands pendent ready 
selKC a rope, and climb up on the approai 
of danger or on Ibe obtrusion of strongei 
Ho walks rather quick in the erect poatni 
but with a waddling gait, and is soon n 
down if, while pursued, he lias no opportt 
nity of eacaping ■ by climbing. . . . Whfi 
he walks in the erect posture, he inma \l 
leg and foot outward, which uccaslonii hii 
10 have a waddling gait and lo seem bov 
legged." 1 

Ur. Burrougb slat«e of another Gibboi 
the Horlack or Hooluk : 

" They walk erect ; and when plnccd o 
the floor, or in an open Held, balnmo ilieni 



at the wrist and elbow, acd then niu lolei 
ably fast, rocking from side to side ; 
if urged to greater speed, they let fall Iha 
hands to the ground, and aaslst ifaemse1v< 
forward, lalhcr jumping than running, a 
keeping the body, however, nearly erect.' 

Somewhat different evidence, uowover, I 
given by Dr. "Winalow Lewis : 

■' Their only manner of walking waa e 
their posterior or interior extremities, tt 
others being raised upwnid to preserve the 
equilibrium, as ropc-Jlancera arc assisted "^ 
long poles al fairs. Their progrtsdon yi 
not by placing one foct before Ibo olher, 1: 
by simiillancously using both, oa in jun 
ing." Dr. Salomon MQllcr also alalcs ll— _ 
[lie Gibbons progress upon the ground ti 
short series of tottering jumps. eflC-ctcd onl 
by the hind limbs, the body being held alts 
geiher upright. 

But Jlr. Martin (I. c. \t. 418), who alt 
Bpeaks from direct observation. Bays of If- 
Gibbons generally : 

'■ Pre-eminently qualified for arborei 
babils. and displaying among Iha branchi 
iimaiing activity, tbe Gibixins are no" 
uwkwaid or embarrassed on a level sui 
ns might be imagined. Tbey vrulk e 
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wlUi a waddling ur uneteaiiy gait, but at a. marketl its fliglit. mndo a Inn^ swiog to a 

oukk p*ce, tlio eiiullilirium of the Ijody re- dislant branch, cauglit Ihe bird wiSi one 

<tuirlae to be kept up, cillier by touching the hand in her paswigc, und oiiaincd tho bnuicb 

grotuid witb the kiiucltles, flral on one side with litr other liand. her aim, both at the 

tben ou the oiher, or by uplifting Uie arms bird and nl llio branch, being as buccmbIuI 

ao u lo noise it. Aa with the ChimpanKfe. as if one ol>jcpt only liad ousted licr atlen- 

lli« n-bole of the Darron. long sole of the tion. It tniiy be added that who instantly bit 

(not ia placed upon the ground at once.and <ill Ihohiadnf llic bird, picked iiafeniWa, 

laisedatoQce, without any elasticilyiif step." and [hen throw icdown wiihout allempIlnE 

After tills mass of concurrent and itidt^ Ic eat It, 

neodent leRtimony. it cannot reasonably be '" On another occasion thia animal swung 

doubled that Ihu Giblinns cummonly and ha- herself fioiu a perch, across a paDsage at 

liiiiiftUy assiimetlicerect atliiiide. least tweleo feet wide, against a window 

But level ground It) not Ibe place where which it was Uinught would be immediatelr 

Uieae animals can display ilieir very remark- broken : but not so ; to the surprise of all. 



•bis and t>ccidiar loccnnolive pnmcrB, and she caught Ihe naiTOW f ram t work between 
that prodigious activity which almoHl templa the panes wilh lier hand, in an inslant at- 
ono to rank Uiem tmniig fljing. rnthcr than laioed Iho proper impeliis. and sprang back 



among riidinary climbinu: mMmrnala, again to Ibo ca^e she had left — a feat rcquir- 

Hr. Murlin (I. c. p. 48(1) lina given so excel- ing not only gicnl strength, but tho nicest 

lent nnd grnphic on ni'i^nunt of lh'< mnre- piccision." 
tacats of a Ifylobalai tuiLi. living in lliuZrM> 

Iog<r-ni Gardens, In IWO. ibai I will i|uiilu it The Gibbnna appear to be naturally very 

in full -■ gentle, but iiiere in very pood evidence liial 

"It is almost imposaible to ranrey in ihey will bite severely when irritated, a fe- 

irorda an idea of the quitkneaa aud graceful male i/jrfoiotoii^'Ji'shavingso severely laccr- 

oddrcas of her movements ; Ihey may Inrleed ated one man with her long canines that he 

t« termed aerial, oashe Heema merely to tuuch died ; wliiloeho Jiad inpuied olLersso much 

la her progreM the branches amnug wliicli that, by way of precaution, these formidable 

*ho exhilrits her evolUTions. lu Ihese feats teeth had been filed down ; but if threatened 

hit bands and wms ate the sole orga»sof she would Blillltim on her keeper. TlteGlb- 

lucomolioD, her Imdy bunging aa if suspend- bonseatinsecis, but apnear generally to avoid 

cd by n rope, sustained by one bund (tha animal food. A Sinman^, however, was acen 

ligbt, for naniple), she lanncbcs herwlf, by by J*r. Bennett lo seize and devour grewJily 

■ntneigelic movtmeut. toaditlanl braneh. a Jive liiard. They commonly drink liydip- 

wliiclt she catches wilh the left bmul : but ping their flugera in Ihe liquid and then licfc- 

ber bold is Icsalbau momentary ; the impulse mg them. It is asserted that tliey bleep in a 

for the ne>:t laimeh is acquired ; tho l.iunch sitting posture. 

then turned at is attained by Ihe light band Duvaiieel HHIrm'i Hint he has Been llie fe- 
Rgain, and quilted inslantu neon sly, und so malea curiy IberyotmB; lo the watei-tideand 
on. in alternate ^ucceBulGU. In thia inunncr there wash ibeir I'ih-l-s. in spite of reaiManco 
ttmfcs of twelve and eigblcin fci-i are and cries. They iirii grutle and afleciionalu 
rliaired. wilh the greatest easo and uninler- in caplivily— full of Iricks and petllshneaa, 
iu|itinlly, fur hours together, wiihout Ihe like spoiled childri.n, and yet not dnvoid of a 
tligliltnt appearance of faiigue biiiig mani- certain coBscinncc, as sn iinecdotu. told by 
fesled : and it is evident that, if miiie Kpace Hr. Bennett (1- <^- P- 1^) ^i" ahow. It 
MUlId be allowed, dislancea very gieally ei- would appear lliat his Gibbon had a iiecullar 
(VDdine eighteen feet would be as easily Inclination (or dimrrnnglng things in the 
(■learm: so that Duvaucel's aesenion that cabin. Among tbcue articles a piece of soap 
h« Itna seen these animals launch themselves would especlidly ailiacl his notice, and for 
fioBi one branch to nnoiher, forty feet usun- the removal of this lia bad been once or twice 
der, Uanllng as it is, may be well credited, aoolded. " One morning," says Mr. Ben- 
Somtilimcs. on seizing a branch in licr prog, nett, " I was writing, the Ape being present 
iPM, sb« will throw herself, by Ihe power of in the cabin, when, casting my eyes toward 
one arm only, completely round it, making a him, I saw the little fellow taking the soap. 
Tevolulion wiib such rapidity as almost to I watched him wiiliout his perceiving that 1 
deceive the ej'c, and continue her progress did so : and ha occasionally would caat a 
wilh undiminished velocity. It is singular furtive glance toward the place where 1 sat 
,0 oiMervc bow suddenly this Gibbon can | pretended to write ; he, seeing me busily 
•lop, when tlie impetus ^ven by ihe rapidi- occupied, took ihe aoap, and moved away 
ty and disiuiice of tier swinging leaps would with it In hh paw. When he had n'ulked 
swm to requite a gradual abatement of her half the lenglii of the cabin, I spoke quietly, 
noviwcnia. In the very midst of her flight without frightening him. The instant he 
a branch is seized, the body raised, nnd she found 1 snwliim he walked bock again and da- 
ta awn, IB If by magic, qtuelly scaled on it, noBiled tlie soup nearly In the same place 
Crsepitig It with her feet. As suddenly she from whence heliad taken it. There was cer- 
«f>ln Ibniws herself into action. tainly aomething more than instinct in that 

"-"Ibo following facte will conTey some action : he evidently betrayed a conscioua- 

i: of her dcxlerily nnd quickr.css. A neas of having done wrong both tjy his first 

" d wns let looec in her npiirtt:;i r,'. ; tJie and lost actions— and whtt is rea.son if thai 
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Ift'iiot an czcrclae of it t" 

The moHt elaborate nccount of the natural 
faistorV' of llie Oracn'-ITtati exiout ia tbat 
given In tliB '^ Verbandelln^n over do Na- 

tunrlijke Gwichieilrals der NuJurlandsche 
OTerzeesciie BezltiinK))ii (IBSO-Hi)," l>y Dr. 
Salomna Matler anil'Dr. 8L-liIi?icel, and I ahull 
base fflwt I liavo la iivy tipuu tliia Eiilij^rtt al- 
most ctilircly on tlieir Mlikti; merits, ud'liog 
Lere and there pnrliculars or iuiunisi fniin 
tbe writlDga nf Qronkf, Wallace, and Dihi-rn. 

TheOraag-tJlau wuiildratcly seciii lu lix- 
ceed four root io hciglit; but the IkhIj' I» vfry 
bulky, measurlDg two (turds oE tlie IiuigLt in 
circiimfereuce. 

The Orang-Uiiin iit fouod only in Siinintrii 
And Borneo, and U commna in nclilier of 
tbeB8 islaada— lu both ol nliicb it occurs al- 
ways in low, flm plains, nevur in the moun- 
teina. It loves the detiscstimd ni'M ^umlkreof 
Qie forcats, wiiicli cxttnil from tlic sua-sliuro 
inland, and Ihus la found only Jn tlie cH^lern 
half of Sumatra, whore alono sucli forests oc- 
cur, though, occaslonnlty, it Klniya over to 
the western side. 

On tbu other hand It ia gonenilly distrib- 
uted through Borni^o, excupl In ttiu muun' 
Ihiiis, or whore tlic ponillaliun \i ilensi-. In 
fcvorablo places llic liuoter muy, by goiid 
forlUQO, see threo or fiiur in & d:iy. 

Except ia (lie pairing litnc, the old inalea 
usually live by themselves. The old foniajes 
HDd tbe iminuture niiilua. on the other hand, 
BKoflcn met with in twos and threua ; and 
tbe former occiialoniiily have yoiing with 
thoni. (hough (he ivegiiant fenudes usually 
■epiirale themaelvea, and itomclimes remain 
apart after they have Riven birth to their off- 
spring. The yonng UrnngsHcera (oremiiin 
uuuflunlly long uudur their mndiur'a pruieC' 
tii>n, pronnbly in oonsniui'Dce of ihtir slow 
growth. While cllmliiag ilie uioibur always 
catriea her young ugniust her brv^iim, llie 
yonng holdiugon by hi* modier's hair. At 
what time of life the' Oranp-Ulaii liccnmea 
capable of propngation, itnd liow iuug the 
females go with young is nukuuwu, Uul it ie 
probable that they ait not adult until thoy 
arrive at ten or lificen years of uge. A 
ftnuide which lived for five years ut Ualaviu 
hail not attained one (liiid Die height of the 
wild lemalcs. It is probable thai, nfler 
reaching adult years, they go on growing, 
Ihoiigti NioBly. end that, thty live to forty 
or fifty years. Th« Dytiks tell of old Uranga 
whioh have not only loit ull (hfir teeiU, but 
which find it bo Iruubleaome to climb (hat 
tbey niulntain themselves on windfalls aud 
juicy herbaire. 

Tliu Orarg is sltt^giEb, ei^hibidng none of 
that marvellous ectivily i-Jiarncierisiic of Iho 
Gllibons. HuDjtcr alone teems Wi tiir liim lo 
exertion, and when 11 U eiilled he lulapses 
Into repose. When the onimul sils, it curves 
its back and bows ita heud ao ua lo look 
straight down on the ground ; aomi'timi^a it 
liiilds on wilh its liaiiil-t by ahiL'ber biunch, 
, aoniGtimes lela Ihem bans idriegmatically 
kdowD byitaside: and in (liese po< 




Orong will remain for bonra logelber, 
Bame spot, almost wllhout stirring, un 
now and then giving ullenince lo ils 
growling voice. By day he usually ciimi 
irom one tree-top to another, and' only 
night deiicenda 10 rho ground; ami if ttii 
thwatened with danger he soeks rrti^ 
among the underwood, When irol hunlr 
be remains a long lime in (he sumo lumllt' 
and Bomctimea slops for many days un t1 
same tree, a Hrra place amont; its branch 
serving him for u l>ed. It is rare for |] 
Urang to |>a3a iho night in the summit of 
large trre, proliauly tjocauso it ia loo win( 
and cold there fur him ; l>ut ns soon be nig 
draws on ha dei«cnilH from ihe height us 
seeks ont a tit lied in the lower and dark 
part, or in llieleafy lopotnsmHllirfu, amui 
which he prefers Nibong palms, PiiridaDJ, ' 
one ot lliOBe paniflillc orchids which give T" 
primeval form! a of Borneo so chiiructerit 
and Bti Iking an uppearance. But wlterCT 
he detcimlnes lo sleep, there be pri-pur 
himself a sort ot nest; little brmgha at 
leaves are drawn together ronnil the selecf 
spot, and bent crosswise over one nnolhe 
while lo make the bed soft, great leaves 
ferns, of orcliids, of Paadanna fOKeieuUir 
Sipa fruticaia, etc., are laid over tltei 
Those whiiili Miller aaw, many nf Ihtnjt bcii 
very frtsh, were situated at a height uf teo 
twenty-five feet above the ground, atid had 
circumfeieiics, on (he average, of two or till 
feet. Some were packed muay iucliL-s ihii 
with pnnifitmmlvaven ; ollieis wi-rit remark 
bio only for (ho cracked twigs, which, unif 
in a common centre, formed n regular pli 
fona. "The rude hut," suy4 Kir Jaca 
Brooke, " which ibey are atattd to build 
the trees, would be more properly oallptl 
seat or ticst. fur it has no roof or cov^t 
an^sort. The facility with whidillity tot 
this nest is ciirions, and I had an oppurtui 
ty of seeing a wounded femulu wea"" 
branches togcllier and seat herself w 
minute." 

According lo the Dyaka ihe Orang 
leaves his bed before Ihe sun is w^l abn 
the Itorlvtnn and has dissipated the nusts. 1 
gels lip aliiiMt nine, and goes to bml oga 
about rivc ; Imt sometimes not lill lalo in ll 
twilight. lie lies srmetiinea on his back, <; 
by way of change, turns nn one side or- [I 
oiber, drawing his limits up to his Ixidy, ai 
Testing his bend on his liond. When tl 
nlgiit is cnid, windy, or rainy, he usual 
.covers his Imdy wlih a heap of pandani 
tiipa, or fern leavea. like ihoEc of which li 
boti ia made,. and hu is especially careful 
wmp up his head iu tlifni. It 'is tliis bal 
of covering liiin.'ieir ttp which iias pruhah 
led lo the fable that the Orong builds, hula 
the trees. 

Although tlie Orong resides mostly a _ 
the boughs of gieat trees duiing lh<; di 
time, he Is tery rarely seen bqualtiug oi 
thick bmnch as other apes, and parttoulni 
the Gibbons, do. Thu Oraug. nu llie co 
trary, confines himself to the bkuder lea 
branches, so ttiat he is seta right at the b 



EVIDENCE A8 TO MANS PLACE IN NATURE, 207 

61 the trees, B mode of UfcwLicli iBclogdy IlUsI |iU Wiiglil. Fin", M>i'tiNins. nniVynung 
MlWedloUiKCQnBtilulionotliihLinilerlimliB, Ipuviiw of vmli.us l.jmls. roriflUufe llli" chlet 
^0 esiN'ciully 10 Hint of liis acnl. Fur lliU nmilmenl uf IliK Oriiiij- ; liiil »lrir>B itt ham. 
is pruri'jwj Willi no tallosilies bucU os nre bun in'u or thrti; fni li'ii^ "tre founil in Ihc 
piKscRficd by muDj' of the lower apts, anti Htomacli o! a mtili . Tlii-y me uuL known to 
cvctt liy tlic Gibbous; and ibofe boiieB 'if cat livloi; nnimiilc. 

*lw pulVis. wliici) are termed ilio isclilu, and Alilioiigli. wlirn liikcn j-onnc, the Orang- 
wiilcli form liie eolid fninien'ork of ihe eur- Utan itooii liecomea dumeetlatlvil, apil indeed 
fai-e on wliicli ilie liodj rests in ilje silling ^eetns to court human society, it is uniiimlljr 
poeturc, ore nut expanded lilic ibotc of Ibi: & very wild iiud sky uninial. lli"i)gb,np|)U- 
anrswhidi pusseGa callotilics, but aicniore reull/ sluggish and mdunititofy. Tlicpynka 
liko Ibose of (dn&. aftlrm thnl wlien iIil- old niiileH are wtHimled 

An Oraitit climbs eo tlowlr and'cnuiioua- witliurmwa only lliey will iiooiiitioniilty leiiva 
Jy as. iu.'tliia uci, to resitntilii n man more tbe IrL'ts and niali r-i;,nng ui"iu tlieW- eae- 
than lut upc. Inking grriil cine of hU fict, bo mic^. to'IioM; anli; antuiy lii't; In 1iiarHUt:llight, 
Ibut iujitiy of Ibim seems in idTeUt bimfnr aa thvy utv sure lo lie killi«l if uiiiiffril'. 
BKHOlfiatitl ddesolhrrupea. Unlike liio (^ib- But.lhuuKli iiUBti'Hseit'ufiMiineiiMJSlreugllt, 
bcim, whtiM toreurmsdu tlii> ^luier t ort ot it iBrurefur tlicDiuiigto uitt^niiillodeTuiiilit- 
lbcworknBUir}-SWingrromb[BU['liliibiiincb. self, eaiM-ciidly wlmn aUncUwl wilb ll Miring 
tbti OiiiDg never miikoa tvcu tliv amnll- Un Rucli nccxsiuna be enilcavors in bidu liim. 
cat jiunp. ' tli'climbing lie muvi'a itlR'imitcly aelf, nr tii ixca\iii nbing Ihe tuirnioBl <>ittnchM 
une linnd ABfi one fool, or. ufier jiiiving laid of tlietrefs. bri'iilting ii£f »ud Ibniwingdow* 
fast bold wllb ilic baod^. In- draua up Iwlh the bmigltn nr lie g»i:a. Wlii'ii wnundetl lia 
feel logctlitir. In posBiDg from one tree to betakes hlmsHf lo' the liigliest nttoinnhia 
anotlicr he always teeka out a place where point of tlie irei^, and emitM n aiogniar i^ry, 
thclwigaof Itoibromecloi^e t('gL'llicr. or in- cODcistIng at flrat of lUgli notea, which 'nt 
terlat^.- Even when rlostly pursued, hte length deeptn iulO'ft low roar, not unlike 
circumfpcduin is emnzii)g ; liu BhiikcH the tliat of u panthur. Wliile giving out tha 
btani'lH'B to Biee if Uity «'ill bour blm, una hiijh notes ihtOnvng llinisis out his lips into 
Ihtn bending an oTechauglng b^ugh down a f uniiet'Bbape ; but in utlisring Ihe low note* 
by iltmtvinghlfwcightgruduully along It, he be holds his mouth wide open, and at lh« 
makes a btidge Irora Ihe tree be wishes to same time IliR grunt Ibrout bog, or luryng'^l 
quit lo the next. sac, beeomun dislende'l. 

Oa ibcj ground tbe Orang always goca la- According tn the Dyaks. the onl^ animal 
boriously und sltakily on all lours. At tlie Orang meaanres his Btrenglti tvuh in lh« 
atattlog he vilt run faster Ihun a man. crocodile, who occasionally seizra him on hii 
tlKMIgb lie may soon he overlnt^cu. Tbe visits lo the wuter-sido Biit they say tliat 
venr long arms which, when hi; runs, lire but Ote Ornng ismorothhn amatclvfur hisene. 
litlfe btut. raise the body of Ihe tirnrg re- my. and bealB him to dculb, or lips up his 
mtukiilily, so itiat he HBfnmes murh Ihe pos- Uurral liy pulling ilie Jawj asunder I 
ture uf a very old man bent douii by age. Much of what bun licen liore Hiated was 
and uakiac: his wsy ailing by the help of a pmiabty derived by Dr. Mailer from the re. 
Blicli. Id wiilking. iho litxly is usually di- notlH of his Dyak hunters ; but a large male, 
rccli-d Mralght forward, unlik': the other four feet high, lived in cnptivlly under hii 

Wtiich run more or lesa olillquely. ex- obscr vu lion Tor a month, nnd receives a »cr/ 

lliB GibUine, who in tlicsc-, as in so bad character. 

r aOter n-cpccts, depart vcmatkably " He was a very wild beast. "says Mailer, 
Ibeir fellows, '• of projligious strength, and false mid wiek- 

~ Orang cannot put its feet Ant on the ed to the last degree. IF any one approached 
„. . .. i. but is fcupporied upon their outer he rose up slowly with a low growl, tlxeilbis 
tidns, the heel lealmg more on Ihe ground, eyes in llu> direction in which he meantto 
wCile the curved foiB partly rc«l upon the make his a;lack, Blowly passed hit hand l{p- 

Snundby Ilie upper side of 'ibeirflrst Joint, twcen the Imra of his cage, and ihpti, cxlcnfl- 
D two oalcrmobt toes of each foot com- Ing Ids long arm. gnve.a sudden grip— naual- 
plci«'ty K'Kiing on Ibis Burfacu. Tbe bands |y at the face." He never trfed^to bits 
areliitd in Ihc opposile manner, Iheir Inner (though Oraugs will bite one another), hit 
edges serving as tint chii-f stippoi I. The tin- gre^l weapons of oQcnee and defence being 
grfB ore ilii-n btnt out in such a manni.T (bat hia hands. 

■ 1., r, f,..,,.,,.^i joinla. ctpecially IhDse of the His intelligence was very great : and Mtll- 

' -I ticgera. lest upon Ihe ground ler remarks that, though Ihu faculties of the 

I < I >ides. while the point of ibe Orang have been estimated loo higUlv, yot 

.ilt;ht thumb serves us an addl- Ouvier. had he seen this apeoimen, would not 

. iiiii. have considered its intelligence lo be only ft 

'i:.f Ur.wg never slands on li- hind legs, litHe higher than that of a ilog. 

UmI nil lite piclurea lepiesenliiti; 11 »s s-i do- His hearing wns very aciile, but the senso 

JBg alG UN false as Ihe fiHseiii ii i hat It de-* of vision seemed to be le^ perfect. The un- 

(nil* ittuU with sticks and Ihc like. dcr lip was the great organ of touch, and 

—JItciooe arms nre of cspc-cial use. not only played a very important part in drinking, be- 

H^dhuhlDg. but in Iho gnlhi'ring nt food ing' thrust out hke a trough, so as either to 

^Kloafto to which ibeeDlmal cl.uIU nut ^^tcu tbu fidlmg roia orlo.receive thecOD- 
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■Ml fiiB of . . 

, „ *m eapfiStd,-»a^ ia.aM.aatad to I^CTowm.^ apace nt traa 

•kkh,lBibiB)ua^WpwirediMOlfaBtraqBli I Ul ioda raww^ Wtwecn Ifairm, hh|. 
" aleae ihrir i—rgiiM nuD ridna wr fonard. 

nrau-Utaa cf ike lUiajt UtenacAK Imbs sr foinJ. in wUeb ibe 

MS bf the name of " Jfiu" amaag Itae ri4l«* **■> mIj ia the bmler put of Iha 
Pfak>. who diHu^wrhcc^cnl kind* MJhM (k«U. Tke fisim ndaiiecf Uie lidcea an 
■ rt pf H . or Am. -Mi*t Kmm. wJ JTia ilMnfore liifc|Bilii of uc beiog tcwe. 



WlKlbM Uk9c mc daatinct tftS3t&. tiara More An^r 4fe«cfa'iifd 

r. er»lwllwT Ui»y i* m»ie nt w . mmI ^td a«Bn*l Pni^MT TeouoHitK autm 

kaw r>r 4BJ rf thciD uc ideBtkal wilk ttic tfial the (rtis «f •knlte m the Lejidtu Unae- 

niiiiMlmi Uras^ as Mr. Wallace tlUnb tlw mn ■*■•«« iIm nsc naah." 

Utaa BiKia lo be. uvptolikoa wUrli kic Mt. WalWc i ti«jnj iwo-vaJe adult 

M pnaeDt BaA«idRl ; and Ute DViataOlli- ol Oimo<^ iMias Eaasa oi ibc Draka). bonvrer. 

Ibne gmt ape* is eo cxtmarc that Ibe •((- » *c^ difleml ftian any af ilioe ibM bs 

dcBMtof ihc qoeaiian 19 anailcr ut neat eoactaidw tbm lo te «pn^y'diaiiKt : 

dUknln-. M Ibe fncm <alkd " Uka Pap- (Mr WMn fK!(wctM|j 2 Im ^ iactaM and X 

BU."Jlr. WaDaec obuenia : " It b knowa fMl>l»ckeaU(^ HidiKmeaaliMn^gtiot 

hf'M laqce aize. and by ibe laitoial cspaauoa thetlHBk«ietnoncM,liBlatb(rTiaer»an- 

■f tbe face tnlo (aitr (inriGbmiiricj^ or bM tbe laipcr kiada. Tlifc-aibnill liaa <dd 

tidgCB, ever the tesipocal nuscics. which creR, Uit tw) innr rid;«^ lAlo ~ ' 

teve been mMtvmed Mdadlca. a« Ukjt an apvt. •■ ia Ue l»mm i^rw at L , 

perfccU J BOf t, anooth. and anibic. Htso{ Owiol The loth, howtru. aac iDunuM^- 

Uiii ft». measured hj me. nried anlj fn^ eqi^liag cr MipaMog ilt/i^c of ibe olbei^ 

4 fecC 1 iadi tu 4 feet 3 iBelm hi bctBhl, ^Kcin. Tbe bnaln bf l»ili ibtae ki ' 

bom the heel in Ibe ctwn at llw bead, the •ccatSae *» ^t. WaOacr. atr liemid ol 

•inh t>f ifaa tolj fnm i feet to 3 feet ;t ctwccnoe. sail itwwMi.' tbe HOaUar 

bKbea, a»d Ibe extral of ibo oobiltetcboil but art sbnrtt* by 1^ M 3 iocbi— - 

una fram 7 tttt 3 incbe* to 7 fnl tacbta : caa»e tmh anr rcmfamtrehr ^aaO. lob- 

Ae width of (be face fiow 10 ta ISJ inrbcs. UnnrUsI akJ ddalol at the baaa. «■ In tbo 

Tbe cokir and le^lli of the hair rarin) in w-nlfa!«l /«BM<a mirit, whKb k. In all {nolw- 

^SenM indifiduab, andudiSefeupansof btUy. the kfcuU of a (eaifa o( ihoBuncqMh 

" - « wdiTidnal : xoMe Pftwnnwd a radi- eka •• tbe Mnalke naka. Boib nalvi and 

■■- -- - '— 'T •£ tbB — ■"- - ' 



Mae u all ; but ib^ otbcrwiH prexnt ao gturbaUe. (manliBs Is Mr. UTaUbci.-, by Lha 
extenwd affooiaes on vbicb lo cemUiA raaa|»niiT«l5- kif* staof iha aiddlc ia^ 
«tcB nnctiea of a ^eciek. mm* of tbe lipptr Jaw. 

■*T«.wbnweexiBiwtbe(amNaafibeH . 

iadividBali. w« lad rmaffeaUe dilTcRitce* 6»tarasl ■■! ■■■n wi iiaii bin Hhiiiia 
of fona. proporliaa. and dUimwMW. no two «d tu devoW tbC acDwatr at ibe «t«lMBBt» 
bntig exactly alike. Tbe slopo «I lb* pro. vbkh • fanre jwH <)aiHiM lecatdieg the kA- 
Ue. and Ibe prajcction cf tbe muade, lo- tis of ine iwn AstaUe mas-like Afca ; and if 



celbn with Ibe nae of Ibo mniuna. vScr Itur, they mut be admiUid aa evidence Ihat 

lilhtCBna as decided as lbo«e FEiHlD; be- aoeh aa ai* — 

IweeD tbe BHHt ■iioMly aaariud frnoa ol luly. Slay wtOMy me** alang 

Ifae Cmkwhui and Afrknu mnia in ibr bu. in ibc tmi. oi Mnn-erect, | 

manipecita. The orbit* vnrr in wnitli and wkbont ilitttlt^pntl fiomita 

hai^. tin cranial ridge is atbtr (ia^ nr AIIt. Tbal it may pomaa i 

doobk. dibrr muchor &UtedeTtkincd.aad kii»d <roin^-an:a*Hl«s tobcnndQf I 

Ifee argomaiic apenui* varies coimdtt^ilf or two miln. 

la aiac Tbia nriaiiao in the pro^Mwiiou of M|y. Thai ii mar *>f e^mUa ol 

Ibe cnuiia enaUes us MitsfaciciniT to exptaia ricioiaiaw «ad rtub ace whe« iiriinlad 

|k» amitod (Kftcrewcc picsenied' by tbi; am- ihi> i* Moedally ttxie of adnb malm. 

A- a nttj H)d dauhk^cnaied skulK which 4iUj-. That M may biOM a mm lo dtvp lo. 1 

EawbiMOi -'■ ■ •-- - "- ■ --.... -.^. -^a 



b UlMl^t to' prD\e the esis) 
a wecies of urans. Tbe f 
)f UM tkuU Tuka coBiider 



■urfacc of iS._ _.. . . .^ _ — „-. , ., _ _ -.. 

iiK. ea do alio the tygumatic afwnurr and Epnriea lo offer umilarp . — ,— 

tbe lanponi mnsck' -. but tbrj Ihw mi V *" cv^tiiBal ; •** . ai mT "Me. wimild it- I 

■act wary rektion is each oiher. a cmaH uroyibe fonvi4aoy anempttd^yfftri ar 

mude atUM eziaini; with a tar^ ctairial e«BK«l ajeainsl toch tauert MOiatoaj i_ 

m»te*. ami fan triL Now those ^lUi migbtWaddnmlia bivar nfihcircziidcaGe^ I 

■Uch have Ibe higeat and Mn«erMjawa,Aml And if ibv ut^^atuniiMi of an} of the Afri- J 

ttewUeMiygDmaI)eapatiire.bai«lbeaHM- can apet. trvkt be deme atl iattd m flt it bal. 1 

dmao large that tbrj- akeei on the OKXwa of m UiMi rtiliee of its Anarie al&e* Cotlbal 

toll, and depoat the boaj ridn wbidi eitcl |i«ii>'>« asnl for ittcinl attack, then J 

ratm Ibon, and whirfa it ibehigbnttn wi>ullU;^il) kKitwian fordocfaliHitaoc- 1 

vbicfa b» Ibe RnaUest craaial HtrEMe. cawowil a-i-^xinn nt tbe aprifbt mtilndaor I 

' ~ . fdwihine a htga ntface with ^f aggn^^ive iw wwdi ag. f 

weak Jaw^ an! ^mH Mjgy- Fnm lb* tbM «t TStmi Md T^^iina J 
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downward the hntiitsof lhv]roungCbimpaii- 
wc ID a alnlu of camivily havii been abun- 
dnuiJy luporled and rommemed upon. But 
trus(worthy evidence as to the niaunerg and 
cusioDiH ut adult BDtliro[toids of ibis Bpeciea. 
So tlwir native woods, whb nlmost wantluj 

■' e lime of tbe piiblicalion of Iho pa- 
Br. Sava^'. lo wJiich I iiawo already 
, couta'kJDK nok-a of ilic observa- 
ilcli be made, and of the infoiniaiion 
10 collected from Bources tvhicli be 
■cU tnisiwoithy, wbile resident at 
limns, at the norih-wesiGrn limit of 
„-itof Boniii. 

Tbc adtitl CtLintpftizc-es, measured by Dr. 
SjiVHgt, uever wteeeHtd, tJniiigb the males 
inav idiiioGt ultnia, (ive f^i 1u lieight. 

■' Wbcii at rest, (be niUiag poMunt is that 
gtOBTnns Bsautncd. Tbcy arc somelimee 
Kwn stnDdinp and walfamg. but when ihiia 
doIwKfri, tbcy inilii4Si>l«ly take (o all fours 
Hud 1]»! from tliu ttresence of (be obecrver. 
tjucb is Uieir orgnnizBtioa ibat they cannot 
stand rroci, Int Icaa forward, HcticB they 
an wcu, whoa Etaoding, witb.the bands 
ciaspud over the occipuj. or. the lumlmrro- 
floii, wbich would Boem necessary to balance 
or case of poaliirc, 

■■ Tlie toea of iho adult are strongly rieied 
and turned fnwunl, nod cannot be perfectly 
fctniteblCDcd. In the attempt the akin gath- 
■<r» lalo Uikk folds ou tbe hack, showing 
Ibat tfie full ex]Huisiou of Ibe fool, ua in 
DCCvsBiry in walking, is iinnalural. Tbe 
Dataral position In on all fours, the body 
•atcrtorly mating upnn the knuckles. Tbese 
are fiieaily enlarged, with the skin prolubur- 
aol and thickened like ilie sult> ol Uie foot. 

" Tuey aro expert climbers, as ooe would 
KupTHisu from their organ izaiiun. In [heir 
gtiatial* ihuy swiuff ft>jm limb la limb at a 
gKM distance, and liHip witli aBtoulsbinx 
ability. It is not unusual U) see the ' old 
folks ' (In the language of an oliservcr) slt- 
liDg andsr a tree regaling tbemaekce wilb 
fnill and friendly cbat, wbilu lliei.- * (ibil- 
Ana ' are leaping around tbem, and swlui,r. 
lug from tree to tree niib boisleroua mcrfi- 
rnani. 

" Aa seen here, they cannot be callcl 
gr«garioit». seldom more than five, or ten at 
most, being found lagetlier. It bas been 
•aid, on goorl authority, Ibiil; they occasion- 
ally omemble in large numbers, ia gambols. 
My inform ant osserls Ib^itliesnw unce not 
ICM than fifty so cnga^eil, booling, acrcam- 
Ing. and driimmins; wilb ptldtsupan old lugs. 
WUlch Is dona in the hitter ruse wilh ciiuul 
rauitity by the four extmmiLlea, They d<i 
not appear ever to net on iliu nltensiTt^, nnd 
■aldom, It crer, really on tbe di'fcnsive. 
When abont to be captured, tbey resist !>y 
tbrowlog iheir anna about tbcir opiMiueni, 
•nd siteiDiHing (o draw bim Into coniuct 
Witblbuirli^^clh," 

With renpcct lo Ibis last jinlnt Pr. Savage 
li very explicit in aantiicr placu : 

" Oitiixij ia tlmir principal iirt of defoucn. 
I lUT« ««eD one man who had k»een lliu^ 
aanmaly wotmded In tbc feet. 



"The sironz development of lbs canine 

teeth la the aibilt would seem ta indicate a 
carnirorous proj^-naity : but in no stuia save 
that of dom^BlK^ttiim do ibey manifest-It. 
At flrsl Uic^ reject tlcsb, but easily acquire 
a fondDt^K Ti-r It, Tbe cauiues are early de- 
veloped, aiij evidently deaisnc<l to net the 
important pari of weapons or dot rnco. When 
in contact willt mnn iilmoet Ibe llrst (dToK of 
the animal is — '" hit.-.. 

■■ They avoid 111-; abodes of men, and build 
(heir hnbliitiims iu Iiccs, Tbeir constructioD 
fa muru that of n^U than kitU, oa ■ Ibcy have 
I'een errooGously termed by some natund- 
ists. They generally build not for above the 
gruuad. Branches or twigs ore bent, or 
partly broken, auit crossed, and ihe whole 
*u[)pi)plud liy lbs li'idy o( a limb or a erotch. 
Botnetim » a ne«t wiU be foitud neiir the end 
of a Mnin^ lea/jt inwn?'* twenty or thirty feel 
froia tUu gcounii. One I have lately seen 
tbat ooutil not be less than forty feet, and 
more probably it was fifty, But this is an 
unuaual beigliL 

" Their dwelling-place is nut permanent, 
but changed in pursuit of food and solitude, 
according to the force of circumatnaues. We 
more uflea see Ibem iu elevikted places ; but 
this arises from 'ho fact Ibat the low grounds, 
being more favorable for the natives' rice- 
larmii, are tiieoftener cleared, and henco aro 
almost always Wiinling in suitable trees for 
ttieir neels. , . . Itis aeblom Iliat more than 
one or two nests are seen upun the aame 
tree, or In the same neigliborbood : five have 
been found, but it was ao unusual circum 

'■ They are very flilliy in their habits. 
It It a tradition with the natives generally 
here that they were once members of their 
own tribe; that for liieir depraved habits 
they were expelled from all human society, 
and tbat, through on obstlnata indulgence of 
their vile propeusitios, they have degenerat- 
ed Into tbeir present state of organizatlou. 
They are, Uowcvlt. eaten by them, and 
when cooked will) the oil and pulp of Uie 
palm-niiE considered a highly palatable 
morsel. 

'■ Tbey cshiblt a remarkable degree of in- 
telligence in Ilieii liFibits, and. on ibe part of 
the mother, much nITection fur Itaeir young. 
The second female described was upon a 
tree when first discovered, wilh her male 
and two youn^ ones a (male au<l a female). 
Her BtbI impulse was in descend wilh great 
rapidity and make off inlo the thicket with 
her male and female oSsnring. The young 
male remaining beliind, kIio soon rrtutned ta 
tbe rescue. She ascended imd look him in 
her arms, at which momt-nt -the was ehut. 
the ball passing ibniugh the fureaim of tba 
young one. ou its wsy lu the heart of (he 
mother. . . . 

" In u recent laao the motlier, when dia- 
covcred, remained upun Ibo tree wilh bar 
Dfisprlog, watching inlenlty the movementa 
of the hunter. As be look aim. she motion- 
ed with her band, precisely in. lUe vnun^^T ^ 
a human being, Vo \ka<iii \i,vav toot^ ni^& v^ 
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TTTicn llio wciunil lins not prowrt It 



upon Hid rnrt. niif) wln'n IliCy did t 
oeod, lt> ajiply Ji^rr'M iinlgrii&s. . , . y*iien 
shot, ihpy pU'D ii wi'iilt ti s twrh, not unlike 
that of n hUmnn lioing lu EiiUikn and acuta 

'. " The ordiniiiy vnicu o( ilic ChimiJanBee, 
V)wevcr, ia nllijnifil in In; linnrFP. (luiltirni, 
and not vitv Itmd, Komcvrhal like ' whoo- 
Wlioo, ■" 

The aniiltiR.v nf iha CtiimponzeD lo tlw 
Oraug, Id iih Di'ti-liHlkliiig hiibJL anil ia Ibe 
nttxla of forming its nrsi, is I'scceilincly In- 
te(C6lln^, vliilo, on llie btliur huncl, Ihe hc- 
tivily or iliis-npe, iiml ils lendcner to Iilto, 
ure particulnra )u which !t niliiLT irt-embleB' 
Uia Gibbons. In rxii-ai of geographical 
nage. Rgain. Ibo CliimpanniieB—wliicli nre 
(onnd from Sierm Leono lo Congo — nmiad 
tine of Uic GiblKtnH nilliiir IIiud of ciUier of 
the otbei man-like ApcD ; and it sri'ma not 
onlikuly lliai, iia is ibe coed wi'.li ike Gil i- 
boDa.tlicremiiy bo neventl species eptcad over 
tbe eengiaptiicnl area ot llie genus. 

Tub same cx«tl''nt oliserver, from wUoui' 
I liBVQ borrowed llic preceding account of 
tbo bablts of ilie ndiilt Chimpanzee, publinli- 
ed, fifteen yenra ago,* an nccouat of llie 
Oorllla, which haH, in its most 
^Dts, been confirmed by aulisequent oliser- 
Tera, and to irbicb bo TeryJitllo hna rcnllr 
been added, that, in justice lo Dr. Savage, T 
^ve it nlmoEl in full : 

" It elioulil bo homo in mind that my ac- 
count ia I atiCd upon Ilio stiitcmcals ot It>a 
aiborigiDes of Ihiit iegion(lhu Unboon). Iq 
tbia connecliun It mav ahui be pntjier for uio 
to remark lliat. hiiviiig been s ii issionaiy 
resident fur Ktv-eral yL'ars. sludj-iiii;, (n m 
Iwbiliial iulPtcmirtr, ihe Afrit'nii iiiiiiil nii.l 
ehara<!lcr, I fdi myself prt'iiitri'tl (n lii^ctiiui- 
nataand dtciilc upon iLc prubaUilily of Ilnir 
atatemcnls. Besides, being fumibnr wiih 
Ibe lijatory and tiabils of it-i inlerestiu'; cun- 
gnnei- (7Vi.ff. liiffer. (JcolT.). I Waaalilulu ^'pu- 
rato tli(»r nueiJunls of the Iwii auiniiils. 
which, huviufj; the aumc lociilily' and i 
larity of haiiit, ate confounded in '.be 
of tbo mans, especially as but few— aueb as 
iradM^ to ihu Inieilor. and hiinUmen— have 
orar aeea the animal in question. 

'■ Tlio Iribo from whicJi our knowltdpe of 
the animal ia derived, aud whose lemloty 
forma ila habitat, ia the Mpongme, occiipy- 
tniC hoih baakaof the Hirer Qabooa, fiora 
ha mouiii lo BODie flfly or aixly mik'S up 
■d. . . . 

Itthewiird' Pongo' he of African origin, 
it ia probably a corruption of tile word 
Mpongiee, 1 lie name ol the Iribo on tbc hanka 
M Ibe GahoDQ, and Jieiice applicii to the 
ngion tbcy inhabit. Their local numa fur 
the Cbimpauzee is Enek/.eko. us 
ean be Anglicized, fram which ili 
—-T1' Jocko' pi oliably comes. TheMpong- 
appelluiiim for its nctv congener is Bi>^ 
irolonging tlie sound of the first vowel, 
ighlly soaading tlic second. 



of L.,v 

fkii !•■ nearer Ibe senliiraid. 

" luliKiuhl ia nl'iau live feet i iliadiaprfVi 
pprlioniilely brniirt iicross liio aboiilaers, 
iliirkly eovi^rcdvilh marau Hack Lair, wliidi 
is »:aiU t'1 lie t'imilar in its urraugcmtul le< 
thftt of Ibe Bnehi-tko ; with agn It beooma . 
gray, which fai'l has given rJM^ to Ihc report < 
Ihat li'rth Rn<ina1» itre »ui'd of didcrcnt onlora. 

" i/i-iHl/— TIte prniiiineat fealuves of tbe 
hem) arc lite giiiM width and iclaagatioa of 
the fuuci liia depth oF the molar ieginii,,ihe- 
branchea of ihi- iifwi'i' jaw K-ing very deep' 
aud a;[ien(Iiug fur iiiickwaid, and lite eom- 
pataltvu amutlmnjji. uf rihe rruuinl pnrlina; 
the eyea arc very large, ami naA to lie Iik»* 
those of Hk! Endifi-eko.ii br^bt hazel ; nose 
braad and fiat, slighllj; Hcvflt«d toward the 



under lip highly tnobile, niltrenpnble of great 
elongation when the animal m enraged, tilea 
hanging over the ebin ; alirn of tbe face ami - 
ears naked, and of a dnrk-brown, approach- 
lug lo blade. 
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Neck t>hort, ibrck.aDi) Lairy 1 chest snil 
ibouliloiB vtry liruuii, eittil lu liu fully dciuUe 
Iho vixo of iliu Eticli^tkus ; ai nii! vi'ry li;ug, 
(•adiing soma u-iiy biilnw tlui kucc— [lie 
lOTDarin tiiudi iLu ftiurluijl ; liuiiiia \cry 
large, Iho Hiuuilis luui'li lai'gei; tliiiu llic fiu- 
genv . . . 

"Tliot'iiii' is tliuflliDB .. tlionv.iiciinf llie 
Ij, wLicli IS Devi r iipri^-Ll ti? in iiiiiu, Iiut 
'* iarwiuii, ia mmi^wliul nilliug, or (lum 
lu isiili:. The tii'nis Iviiug luugur litaa 
.'CiiiiniJUuzL-c, It duesnui eimiii aa much 
wulki^f; ; like lliat uniiuul, ii mnkcH pro- 
srtf^iiiii liy ihruBiiiig iis bciuh fdrwuKl, itst- 

' '■'■ ' ■ -iiji onlLiigrDiiiHl, and llifu Hiving 

lialf-JumiJiDg liair-svriupug mo- 

i-n Ihi'in. 1^ tliid Hcl iL is euid 

LhoflugCTR. us diu's iLc CljinipEm- 

ruBling on ila kniickloK, Ijui to -ixteud 



U Ibln) is criulial between lila teeth, and tbc 
eDC[)uu[i:r soun proves faliu In the liiiiilcr. 
"in iJje wild slate lliuii' lialtils are in 

Eeoerul like ilioge of thu Te-gliMinUt Higar, 
milling tliuir m-sla tiioat^lj' m irei^, 1ivin« 
.<a similar fruits, and cliBngin;; ilioir plnce of 



ort try, 



euf ci 



L, nmkingafnictumuf lliclinnd. Whvn 
lumca the WHikiog postuiu, tn wbith it 
['li iuctiuetl, H Imliinces its 
[go tiody liy llt'jfini; ii^ iirms upward. 
'■ They liveUiliimilB, buliirenolsonumer. 
<Kis BH Ibe CliinipiuiXL'es : Iliu fcmuleB geoer- 
■lly excctMl Iliu oilier mx in number. 3Iy 
infornintiis iill agrtu in iliu aeseclloii Ibat bu' 
ran aiiult tualu |h ti.'cn in a buad ; that wbei 
UiH young Hiulus grow up a contest tatea 

filace fur laiiKluiy, iiuit tbv sirongtst. by kill- 
tig nnJ driving uui ilie (lUicrs, esiablislies 
biiii- !' .- ilii- In li of ilie community." 

iv-ilie ttci'-'^ aliuut the 
womrn and y»'"ju!ah- 
uiid'ls: 

it tbey 

.< l!iD»e ut ilie Ctim- 

niply iif a few sticka 

»'u]>portoi by tJitj 

' \vn'^ : llii'y iifford no 




r be 



uigUt. 



US' 



inpiinEBe. 



Tt-j ,-■.- ..) I- 

iu)d iifi- iiiin'i' i-ncoiiiitfiiil I>y lliem uxctTJt 
on (lie detuii&ivu. The few lliat b:Lvc been 
cmplured n^crc killed by elupbiint-hunturB 
uiil uat.lvu tinditr!). as tlicy came suddenly 
llitiu wbilu passing Ibrougli the 

^l is said llmt when tlic male ia flrst 
Ip lie gives a tcnilic yell, (but resounds 
Eaud wide Ibrough Ibe Jurest. enmelbing 
^U^— ah 1 kli— lib ! prolonged uml sbrlll. 
\ coonnouB Juws are widely opened at 
Jb cxplinlioo, bii uuder-lip bangs over 
ffcbin, and the buiry ridge and soidp are 

.ntnicliil upou tliu brow, preseoiiug uu 

npont (if iodeaiTibable ferocity. 



pAntcbus tliu pnemy in gnat fury, pouring 

~ I Ills burrid criers in qidck succession. 

KMOler awaits Ilia appraacb with bis gun 

mf£M '. if bis uitii is not sure be pcrmils 

FHtma] to gia^ip Ibe baircl, ami aa be 

__mM it lo Jiis Diuuib (wbicb is bi^ babit) 

ha flrn. Bbould ibe gim fail lo go oS, Ibe 

barn-1 (tbat of the ordinary musket, tvbicb 



Dr. Savage'i ubservatiuna wein confirmed 
and atipplemuntud by ilio.-te uf A!r, Foid, 
wbu (unimuDiculed an iuiuiMllng p'lpnr on 
[be UonlU lo ibv PbiMelpaiau Ai'adumy 
ot Sciences, iu IKi^. With leaped lo iliu 
geograpbical dialiiliullun of Ibis gieulest ul 
Ultbe man-like Api's, Mr. Ford ivniaika; 

" This anioiul inbaiiita tltv range of niuun- 
tains ibat naveisu the interior of Ouioe* 
from ibu Cameroon io the north to Aiigoto 
in tho siinlb, and about 100 milea hilimd, and 
called liy tbu geogrupbeis Crystal Moun- 
tains. The limit 10 wbicb this anininl ex- 
tends, ^tber north or aoulli, I am unable 
todedne. Uucibol iimil is duubiless snmi 
distance noiib of Ibia river [GiiboooJ. I Waa 
able to certify niytielf of Ibis fact in a late 
excursion lu liie Iwod-waters of Ibe Mouney 
(Danger) Itiver, which comes Into llie s<:a 
aorae sixty miles fnim. tbia place. I was in- 
formed (credibly, I tbiuk), Ibat tbey wcie 
numerous among tbu m')tiatalns iti wiiicll 
that river rises, and far norlb ot Ibut, 

" In the souib. Ibis species exieods to the 
Congo JiiTur, ua I am told by native Iraden 
who bavu visited llie cnoiiC, l^tween tin, 
Gaboon and ibati'ivcr, Bej-ond ibai, I aai 
not ioformed. Tbia animal is only four.il 
at adisliincB from Ibe const in most cunU'^ 
and, according to my bust information, a)-, 
proachea il nowbeiUBOuetirly asnn Ibeaouti 
aide of this ilver, wbetu ibiy tiavu Ih«\ 
found wilbin Urn milea of tbu fi'O. Thlis 
however, is only of lale occurrence, 1 an 
informed by some of tbo oldi-st Mpongwt 
men ibat formerly bo was only foiiii.l on Ib-t 
sources of Ibu river, but IbaC at plt^enL bi 
may Ikj found within lialf aiUy'swalkof iU 
mouth. Formerly bo inliaiiiteii Ibe muun 
tainous ridgo where Bushmen nlouu inhsb 
Ited. but now be Iraldly . approacbea thr 
Alpongwe plantations. Tbia la dnubtlsk 
ibe reason of the scaiciiy of inrorniaiiou ia 
jeara pasi, as ilie opportunities for receiv- 
ing a knowledge of the animal have aal 
iieen warning -. iraders having for one hun- 
dred years frcqueultd this river, and apM'i- 
mena. sucii as bave been brougbt here wilb- 
in ft year, could not have been eibibitud 
wlthoiit having aitracled the utiunlion of the 

Uno apeciraeu Air. Ford examined weighed 
170 lbs., wiibout Ibe thotactc or jmlvlc via- 
cera, and measuiiil tour teet fuur tnchea 
round ibu cbesl. Tbia writer desctibea m 
minutely and graphically tliu onalnugbl of ihe 
Qoiilla— though be does not for a moment 
pretend to bavu wliuesMid the sccui^^tbat I 
am tempted lo give ihls pait of his pnpei 
iafull, for couiparison with nlbernaiiBlivesi 

■■ He always riaes lo his feel wbcn making 
an attack. Ibougli he appiaacbea hii) anias^- 
.onist in a aloopinj ipoaVMi*. 



BSia EVIDENCE AS TO HAN'S PLACE IS NATURE. 

'■ Thaugl) he never lies in wait, yet, when SavH^e HnJ Ford, sltould Lave met with a. 

ho lieorB. sees, ur scoqIb a man. he immedi- muesli unil such bitter opiiosllion. If Bub- 

Mely iittct^ his ebamctcriatic cry . prepares Iruelinn be mude oF nbat whs known iKfore. , 

for nn nttack, aniT always acts on IbeolfcD- the Bum and substance of what M. Du CbBJl- I 

■Etc, Tbe cry he utters loeembles a grunt lu has ulHrmcd as a matter of h'M own obs 

mora tbau a ^w1, and ia eimiJar to the nation rcBpecIing Ibo Gorilla, is [h^, 

trj of tbe Chimpanzee when irritated, but advanciug to Uib attack, Ihu great brtiM 

Tully iQuder. It is said lu lie audible at beats bis chest willi Lis fisls. 1 confess I 

n great distance. Hia preparation consists see notiiiug very improbable, or verj- mucb 

la attending ihe females and young ones, bv worth disputing about, in this statement. 

whom ho is usually accompanied to a little Wiifa reepcct to the other mHu-liko Apee 

distance. He. however, soon rettims, with of Afiica. M. Du CUaillu tells ua absolutely 

his crest erect and projectine forward, hia nnihiug. of Lis own knowledge, regarding 

aoelflls dilated, and his under-lip thrown the common Chimpanzee; but be mfomu 

down; at the same time uttering his chnrac- us of a buld-beadcd species or variely.'tiie 

teiisllc yell, designed, it would Bcein, to ter- ntehtego mbovie, which builds itself a abel- 

rify bis imtagonisl. Instantly, unless hti is ter, and of another raro kind wilh'a eom- 

dtaaliled by a wull-directed shot, he malces paralively small face, large facial angle, 

an onset, and, striking his BDliigonist with and peculiar nulc, resembliug " Eootoo. 

the palm of his hands, or seiKing LIm with As the Orang shelters itself with a rough' 

a grasp from which Ibere is no C£Ca[>c. be covctlct of leaves, and the commou Cliim- 

dashes bim upon the gtuuniJ. and laceiales panzee, HCcording to that eminently trust- 

klm with Ills lusks. worthy observei Dr. Savage, makes a sound 

"He is said to seize a musket, and in. like " Whoo-wlioo"— Uio grounds of the 

■(■Dtly cnish tbe barnd between bis iL-elb. . . summary repudiation with which'U.'Du 

This animal's savage nature is very well Challlu's statt-ments no these maiteis have 

shown by the implacable desperation of a been met is not obvious. 

young one that was brought here. It was If I have abstained fiom quoting M. Du 

taken very ynimg, and kepi four moiiihs. Cbaillu's irork, then, it is uot.Lecause 1 

and many means weru used to lame It ; but discern any inherent improbability -in bia 

H was iacorriiilble, so thai it bit me nn Lour assertions respecting the ' man-like Apea ; 

befiite it diod." nor fiom nnf wisL to throw suspicion. cffi 

Mr. Ford discredits the housebuilding bis veracity; but because,' In my opinlnn, 

bdJ cleplisnl-driving stories, and says that ao lung us bis narrative remains iu its. pies 

■30 well-informed natives believe them, ent state of unexptdned and appoienljj'^in 

Tbey are tales told tM children. explicable confusion, it has no claim to O^ig 



light quote other testimony to a similar Inal authority respecting any subject whAl-- 
... ., but, as it appears tome, less corefntlv soever. 
lighed and slftea, from tbe letters of MM. It way be truth, but it is not evidence. 



U 



Vranquet and Oaiitler Laboullay, appended 
to tbe memoir of M. I. O. St. Hitaire, which 
I have already cited. 

Bearing iu mind what is known regarding ii^aiciH cakkibaubu in tub bisteekth 
the Orang and ihe Gibbon, the statemcntr 
of Dr. Savage and Hr. Ford do not appear |< 

vu. to be justly open to criticism on d priori In turning over Pigafella's version of the 

Jtnnnds. The Qibbons, na we have seen, DBrralivc of Lopez, which I have quoted 

readily assume the erect posture, but Ihu above, I came upon so curious and unex- 

Ooriila is far better Utted by its organization peeled an antliilpation, by some two centu- 

fortbat attitude than aie Ihe Gibbons : if the ries and a half, of one of the most slartlini 

luyngeal pouches of the Oiblmna. us ta very parts of M. Du Challlu's narrative, that 1 

Iftely, are important in giving volume to f cannot refrain from drawing attention to it 

Ttdcu which can bo hcam for half a league, la a note, allbough I must confess that the 

Uie Gorilhi, which has similar pocs, mors subject ia not tlriclly relevtnt to the matter 

largely developed, and whose hulk is live- in band. 

Md that of a Gibbon, may well be audible In ihc fiflh chapter of tbe firft book of the 

for twice that distance. " Drsciiplio," concerning the nurlhern 

If llio Orang fights with its hands, the part of the kingdom of Congo and its bouml- 

Qibbons and Chimpanzees with their teeth, aries, ia mentioned a people whose king is 

tbe Gorilla may, probably enough, do either called " Maniloango," and who live underlhe 

or iHith : nor is there anything to be said equator, and as far wcEtward as Cape Lo- 

■gainst either Chimpanxec or Onrilla build- pez. This appears to be Ihe country now in. 

log a nest, when it is proved that the Orang habited by the Ogobai and Bakalai accord. 

Ulan habiinnlly performs that feat. iug to M. Du Challlu. " Beyond these dwell 

With all this evidence, now Ipn to fiflecL another people called ' Antiques.' of incrcdi- 

ytws old. before the world, it is not a little ble ferocity, for they eai one another, Bpax- 

■Hrpri^tng that the assertmna of a recent ing neither friends nor relations." 

traveller, who. so far as llie Gorilla is con- These people are armed with small bows 

nerned, really does very little moi-e than re- bound ligblly round with snake-skinH, and 

peat, OB his own authority, thestatemenls of strung with a teed or rush. Tbeir cr-f.-ra 
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end e/endiT. but made of liord wood, Ihinaocoiinl of ilie " Anjiiqiies." iind Mie um- 
shct Willi gmnt roi>idilv. Tlu-y Imvii eianiplt-l btilrlitT's slii-|i ripir-senied inFii{. 
ases. llic Lnndlt'S of wGicU mc bound U, is ii fnr-iiiniilc <if piMl '■[ ilicir Plate XII. 
iUl makc-skina, aDdenurds wilUecalibardH It. Llii Cliaillii'H nccouul uF llic FanBiu:- 
ef Uia same matoriiU: for defenshc utmor cords mfiat singiilurly willi what Lupei 
Ihey cniploj' tltpliiiul-lililcs. They tut ilicir hero narmk^a of \\u: Auzi.iiiLti. He apenka of 
Elcina whtnymmc, bo lis to prodiico Bcura. lUeir smidl cthshIilivs nml liiile awowH, of 
"Their buicbcrH'^ Khopa uru tilled willi hu- tbeiraxrj^ Bn>l kiiiv". " i iigi'iilou sly ih eat lied 
Oianflcxli iaali'ud of lljiit of oxcu orsbcezi. in Bnnki'-Hklna." " Tlii-y IHltrHi IliumKlTea 
For Ihcy cut llio rnciuka whom ilipy lalto in mice tliitn uny other iriliea 1 have mot with 
bottle. Tliey fulicii, tluy. and devour Hicir north of lliu rijiminr." And all the worM 
slaves, bIbo, imk'Ba Ituy lliink IbiyElial! (pt know.t what M. Dii Chnlllii says of thtir 
n good pricd for Ihcm : oud, moreover, caanilinllsm : " Pieseoily we paased a wom- 
someilmi's for wi-.-irincM of lifoor 'kelrc for an who aolved all dtnibl. tihe bore witfa 
giory (Icir they Ihiok it n great Ihini; and the her a piece of thu lld^li of a human body, 
^D of a ceiierrinA eoui TO drspiae life), oc for Just as we ahould go lo niarkft and carry 
)iSe of Iheif nitors, offer thcmsclvea up for thunee n rosat or sleuk." M. Dii Chaillu a 
'st cunuolgenutally Iiu accused of any waut 
courage in emlxidying the atatemeotH of 
author, and it is lo he re|;rt:tled that, with 
id iin excuse, ha has not furnished ua 
tllllDg compauion to the Hkelcli of tlK 
brothers De H'.v. 




TDB ltBl,.TIO 



a THE Lowss 

r Ihiit Ibi're Ei a gTC»ter dlf- 

ef n IN. H fill illtScDtij', «»- 

uKi-c' iiuBii uorh uv of nnu origin. OlIT 

...-, Jd ODinpsre « liijtdl)' polinlied and OHllDNi 

Coutt lAdy, witii • "urMiD inmwu upon tila iiwn n- 

"lOy wmIiI liBTiPjl tiiinffinc flal taennil i*o 



..-^ jud lllgbl, 
Caiw'',™1iSSdl 



TnEqiieEiionofiiueBiinosformankiud — liin 

Sroblem which undei'lica all oihers.andia more 
eeply inlcreBiln^ Ihiin any oilier — is tlic as- 
certaicmeut of Ihc plnce whicli Man occupln 
ia nature and of his relations to tlio univerae 
of things. Wheocc our race has come : what 
are the limits of our power over nature, ani) 
of nulurc's power over us : lo wliul goal we 
are tending ; aie the prolilemi^ which present 
llicmsdvcs anew and with undiminished in- 
to every man liorn iriln (lie world, 
of us. sliHnking from Ihu difllciilliH 
and dan^ra whioh lietet Ihc seeker after 
original anaweis to these riddles, arc onn, 
tt^nted lo ignore I hem alt' >gp liter, or lo 
smother the invrsilgnliiig ^pitit under the 
feathcr-I»ed of respected and respectable Ira. 
dition. But, iu every aan. one or two rest. 
less spirila. blessed wiih thitt cunstracUre 
Keoiiia. which can only Iniild on a secure 
Toumlalion, orjiur ed wilh iho mere apirit of 
seepiieliim. lire uniilije to follow in the well, 
.,^._^^ worn an'l eiiinforluhle track of their forefa- 
~^-^^Si^6 them ]iud coniemnorarieB. and, unmindful of 
thorns and si umbling- blocks, strike out into 

fialliB ol tlieir '>wn. The secplica end in the 
Dfldeliiy which asscrls the prohlem lu ho in- 



en only eat their en cm lea, but (hese Ibeir 
own hluod relallnns." 

^Tt>B caruf III illuslialors of Plgnfella havu 
■^TBUieir host to eiiublc ihu reader lo reuliw 



Bnluble,'or in the atheism which denies the 
exiaienco of any orderly progress and gov- 
emniice of Ihinga : the men of geniiia pro* 
pound solutions whkb grow into systems rt 
Uieolngy or of philosophs, ot ^^■C«A. -oi xssa. 



04 TVTDRNCE AS TO MAN*8 PLACE IN NATURE. 

ilea] laiigi2a%« which su^irgests more than it least thou^^tful cf men Is conscious of a oer- 
ufiserts take the shape ot the poetry of an tain shock, due, perhaps, not so much to dia- 
cpoch. inist at the aspect of irhat looks like an in- 
Each such answer ^"^ the mat question, suiting cartcature. as to the awakening of a 
invariably asserted by i>e fnlcwcis of its sudden and profound mis^tiust nf time-hon- 
propounuer, if not by hi::i5ilf, to bo com- oied theories and strongly-rooted prejudicea 
plete and final, lemains in high authoiitj regarding bis own portion in nature, and 
and esteem, it may l)c for one ctntury. cr it his relations to the under-world cf life ; 
may be for twenty ; Imi, sis in/aiiubly. time while that which remains a dim suspicion for 
pritves each leply tj havu betu a rmri^ ap- the unthinking, beccmes a Ta>t argument, 
proximation to the tiuih — tileiaHe chiefiy fraught with the deipest cccsequenccs, for 
OD account of the iimorance ot thrse l^ all who are acqi:ainted with the if cent pit>g- 
whom it Wtts accepted, and wholly inlolcra. ress cf the anatomical and physiological 
hie when tested by the larger knowledge ftf acicnces. 

their successors. 1 now propose brii-fly to unfold that arga- 

In a wc^-worn metai^or, a fnrallel Is mcnt. and tos4t forth, in a form intelligible 

^rawn between the life of man and the meta- to tha^i w li(« pi S!^ess no spteial acqu^tintance 

morphosis of the caterpillar iat j tue butter- with ai^atomical science, the rhiif fat is upon 

tfy ; but the comparison may !« rrkore ju%4 as which »!) ci ncIus>^i«>Ds ie>peciing the nature 

well as more novel, if for its former teim we and iLe ^cnt of the bcm^s which connect 

lake the mental progress of the race. His- man with the brute wet Id must lie based : I 

lory shows that the human mmd, fed bv shall then indimtf the cce immrdtate con- 

oonstant accessions of kuowKtlge. pcrioo- cl*>icn which, in my jutigmint. Is justified 

ically grows ti^ ^nrge lor its thet^tical 1^ these facts. aiHi 1 shall finally dt^cnes the 

ooverings. and bursts" them asunder to ap- birmring qI thnt conclusion upon the hypoUi- 

pear in new LaliUments. as the feeding and eees whicli ha\e been esier**nied respect- 

gtowms; grub, ut intervals casts its ti« rar- ing the t rigin cf man. 
low skin and assumes another, it^lf but 

lemporarv. Tndv the ima^^ state of Man The facts to whic h . <f«j^w tim .cctthe 

•eems toW terribly distant^ out e^ery moult reader's attention^ thouLQ igno-rd by many 

ii a step gained, and of such there have bicu of the ptoftsscd iBstiiM.tct& ot* ibe" public 

BMuiy. mind, are easy ef di mcsstiattca and are uni- 

Siuce the revival of learning; when by the TersaQy agtteti to by s&en of srkncr ; while 

Western races of Europe were enabled to en. their s^ifirance is so gnat tint whoso has 

ter upon that impress toward true kmwU dN^y pvadetcd ever thim wi!U I tklnk, find 

edge which was commcnce^l by the phik s«>> fittle to startler him in iLe other levvkrticnsof 

phersof Grvi*ce. but was almost arrested in htclcgy. I nftr to th*^^e fids wkkJi have 

sab^equenl l;>Qg ages of intdkctual btagna- brcm B;afde kik^wn by the study cf develop- 

lion. or. at moc$t« g>' cation, the human brva meet. 

kas lieen feeding vi^jtrous^. and m^liwg It is a iTi&th of very wale, if met of vniver- 

la propt^rtion. A skin of S4^me oinHssaon nl. a||li(&tkn. that cxcir fiving cfcatnie 

was cast in the sixteenth century, mc^ an- ctE:BKI:c%sitsexc^ttncr aEOLraffum^ffcr- 

olher toward the end of the t- ghieen^h. ili tiLm aul soapkr thaa that which it 

wtul*, within the last fifty yirars. thetxt:"- ivcrtuallv art«!cjt^ 

oiduairy growth of everr' d«|aftBi«i:i if Tie r:V isaKctc cf K{<lcx tkiagthan the 

phyrsical sctence has spreail amerg ils men- Cttle ludoBentaiy pfiuet €c&t]^B«.d Ib the 

talfood of so nutritious azkd >timulatiiur m atom ; tte catttfUbj^iaswueeiBpiex than 

channcter that a new ecdysts s«^ms imini- the c^g; tie hwtet^F ^^*^ ^^ catexpiSai : 

■ent. But this is a prixess not unusually a«> trd cat h cf tk(^e bungs, in |i«ss:s|e fiem its 

eompanwd by many thr>rs ami some >iek- ntcuBtntaiv lo lis peiftct cca«iitirB, luaa 

less and debttitv. or. it may be. bv craier thitvsL actriiKt of ehaa^e$w the sum of 



dfestuf l<aBee$ : >o that evvry gc«xi ctttacB whkh ^ cilad Us dewk^pmst. In the 

mttst feel U»und tt> faettitate th«^ pn've;». and i^ker »c jtai^ thcti« char^ts ate txtnme^ 

even if he haT\ir noihinj: l^ttt a scal^^l to work c« Kp&at«d ; biU within ike Ht^t half c\n- 

witkai to ease the otack a^ iau;n£3ieot to tuti the lahiHS of sasih Kva ss Via Bacr. 

the best of hss abtiicy . ^ l.atkkv^ Fei<heri« Bfe^ kt f . arvl KtKak« I .^ve 

In thU dtttv lies siy ixcuse for the piil>{k«- ahncsl c« aKjpkt^^ji natavi IXu iKm. ^o ihat 

tioai of tiieseefssats. ' F «r u miti Iv admitted tie siK€e»«lte stages vt u«\v<v( K«.nt vLiih 

^iuaae kn^wit-*i.re of man's pcs^tkn ia areesthibiltd ^y adig. for «x::n:pk«areBow 

aniaataiie wi. rM » an tOiii$peos«kbte pee^ as well kncwa^to the %iiU\wkg&»t as are the 

y vy the pr^s^fr ttniWR>taiui cbr cf his ^tcp$of the m<eia»i>r|:^Cft;:s cf the sSkwci 

ts t«> tlbr uniTvr«« — 4mi rhisasEaui ns nrcth t« the scl^tx^K'v. It will 



iBMts t«> tlbr uniTvr^ — 4mi rhis again ns nrcth t« the sc^tx^K^v. It will V useful to 

•otvie^ ct^if. in tutf UtLar tuo^ into an ia^tuitr o r^Unr nuh att%Ktii:a :he saatie and the 

lMh> the aaLtii-e artei ibe cmankibk of the tin i ^'cer i f (be >ta(tes «?i: vaaia^ cenrtoj^mcnt^ as 

which i.v-BQ«:vrt huu ml;h thomr ^agu-a^r eteaft» 8n *^»Bt(ie vf ^ pnc\:i«> in tiie ht|dher 

s wtKv*e L:s4' c% h-va^ been ^trciicd m mal^ gtoirtaUv. 

preeeuLQ^ ; agek Tlie Ci ^. like aH animal save tke 

The imp rtaa^v k.f ^soeh an Ini^arrT is ?»- ^ws4 vand tt;:£ther i■^QieWs- ma^ act 

EBCuitivtfiy autnifest. Bitnj;^ t tace to prvl^Uy HBwve the ai-patent c xttft iaBK 

Willi tb«:ac~ Li^^ rtc o. pies ct Luiu&eif . tlie ci.VJBa.Bcvs its exsUcBice tts aB e]sp : aa^^hc^y 
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"^TiVli H, in cvviy t 
ll.Fi «if';i iifn, bui is dfsoid tff Uiai . . 
lotion (f iiutrillrc miittcT wliii'li cncfiiB iipoD 

> 1';^); i'^ exec pi ii mill size and do- 

llilj ; 1111(1 wanis Ibe i-liell, which 
1 iiri only ht UBtkM to an animal inou- 
\'liliin the body otilspHretii, hui vmild 
olf frum nccCBB lo the source of ihnl 
mill, whiclilhi! young crtaiuieiciiulrtfl, 
I which Iho minutu cgj; of ilie niumnial 
IB not ranlBin within itself, 
ftedng's e|!X is. In fact, a liltle spheroidal 
t (Fig. 13) formed of a delicste trntispa- 
K mnnbrnne culled the vSttlUiw nttmbriint, 
tl ulioui T-Jfl tn yinih of an ineli in ditimc- 

TUer— Hie " yelk' '—within which is ineloNed 
fanHid much more delicnti^ Njihei'oidal biig, 
»d thtt " grri>tiiutl iw/nto" (nt). In UiIb, 
jf, lies A, more solid rounded liody, 
|ROTthe "p'-niHit'tl njvil" (*). 
rauc^. or ■■Ovum." is iirii^iiinlly formed 
Ditti a glund, from which, lu due reason. 



eotly insignin Clint iiarlicle of living mnLtet 
heu'imca titiimfileil liy u uew Knd iiiydleriout 
BCtlvity. Tlio (rurminal venigle aiid (ipct 
cniiBi* t'l lie iliscurniblo {Iheit pnri:ise f:iM 
IteiiiL; otii! of the yet unitolTi^ problems it 
embryology), linl the yelk bitcomesfirtiiBi- 
fertmllnily ia:ientei), as If an invlsilile knifs 



lind I 
divMml 



m dm 



nd it. f 



il thiH 



npp'ii 



HFI- 13, O- 




Vild.l, t-n lh.,1 f.iur -■■: 
(D|; iioil il.cs.', in bk • , 

Btll.llvM.-!,-iiri,:,-lfil 111 


■ii"--. ;i,>.j,r<.-i.i(.«l 


ivli-pleyelk iscwJ. 


»erleil iinr.,i imw ..! -■ . 


ili'^.eiMih of which 


COn«isls .if -1 iiii'nil.' -;>: 


■ivM.i of yelk-sQb- 


Stance, Liirl..,iii; :i '-iiir 


i irtrLiele. llie *>- 


wi]0,i ■■ iri.-'nis" (F) N 


Lt!]!i>, hv ibiH aro- 


ce«a, hiis atl;ilii'-d iii i.:i 




IbaCnl wh!oU:Uiiiii>in ..• 


i(i: !■! airix'r.,~iiy bis 


opemtiuns In » br<'k-:i<' 


i. Sir. t.,!^...-. the 


rough pliwiiDmfit.iui.l -' 
it lip Inlo wdUliiipr.! 1 


I., vdl; :irul liietiks 


il-n,l,!y tv..-n i^i/ort 


masw9— hntt'ly ior Imil.li 


.i; uji into any part 


of (be liviiieediHce. 




Next. Ilia miias of ort^^n 


cbvii'ki*. or'Vrfa" 


as Ibey are leclmlcully 


-nllL'l. ihtis fLirm- 


eil. aeqiiiriis im onk-rl, 


arraoEiniiynt. bc- 


wimini; converled inift '« Lolliiw nvhetoH 


willKiouhle Willis, Tlinu 


. upon one side of 


Ibianpherolil iipptriTTi i\ 


ii.l;(>i.i(i^'. mi. hy 






iog. .1 slrniL'lit -h .M ■ ■ ■ 


,,. .'.:, ,,. A) 


mrtrkmb-.-[iii,Ll : ■. ■ . 


■ ■.liiL'biH 


U)1>enusH,<,i,iii. .. ■ ■ 


■■ . ... ,l:.H tllO 


positioa iif ibL' iiLi Ml- i'l 


..]■,!,. i,>lv-.r,lie 


fuluro dog. The eobst! 


nee buoikling Ilia 


croufloon each buIi! noxt 


Iscs lip into a fold, 


tlie rudiment of ihe side 


wall of that long 


Cavity, wideb will erctii 


ally I'liire thenni. 


nal marrow ,....1 11,.. I.r-,, 


■ "o'l ■•! (lie ri„or 


of tlli,S<-b:iiii!' fM:ri.r „ 


. M.i ,,i'ul,r^.ord, 


theso-f^iii ■.. 




iijclowdi r. ;■■ 


■ ..i(Fig. 


ia,B)..ii.., >,!„■. ,..,u,..,. 




veiij becomes the mil ; 1 


^.Md'f^'w'pilUof'lhe 




of the rtownwa.d 



limbs. Wali-hloa: the fashioning pi'n(___ 
stage by siiiije, one is foroilily rfmlnded of 
the iiuiilcllir in clay. Every part, erery 
oifTtiii. i» :it first, as it were, pinched np 
ni.icly, mid skeleheii out in Uie lomrh ; Ihen 
sli:r|iii! more aitorali'Iy. aud only. ul iHkl. re- 
I'nt'L's Iliu louchcB wliicU slump Its Sual 

'I'liii-', al liinsrlb. Ibe young puppy nssumM 



urillioii it 
ml. ^.^dis! 



nilar 



iiispr.itiii. 



of a 



ATler BJMClialt 



)mcs detachea. and parses in(r> Ibo ll<r- 
viamber ntled for its prnUi-iion :tn 1 
itonutict) daring the proiiacierl pr<H.-<.''i.'i 

Ifttion. Here, when su'ijecte<l to Ibt 
i conditions, tbismlnuts an I uppar. 



the buiMikti llmlis are unlike his . ^ 

Tliu lemidiiH of llie yelk, wiiieh bnve nnl 
yet beec applied to the notritinn mid growth 
of the young animii!, aiv conlaii'iil In .imic 
Hdiidi^d to Iho mdimcnlary inlittlur,, ami 
lermt.it Iho yelk sac, or " Hmhilieul reiu'rl*," 
Tu'o membnmoiia bags, ink'iiilcd It 
respeclively the prolwu^i smi v" 






EVUIENCE AS TO JCAS^ PLACE IS SATCRK. 



«Wckfai««tfstkeolHtelK>drof >ta .- 

aad ptaT* Ike pMl nf tuanat wiiir.hedfar pri— rily iJcMiwI. 

Hi ihemhw. iwbJ tfc " rfitiMV gr<>w» oiihthaiof Uwdcv. hot ibattkr' 



the nittjr. ia wUck tba (Inclap- of the fmn are teUaacd. I7 
- ' ^— ■ — ihlc* Ifcese »*•- hr BMhod» '— ' 



waMis of the wfcprii e- >■ f«nu»bnl la il faf hanfijr d 
ita panst. 

The itnctaK wUcA b devdopcd I7 the The iburj cf the f 
[■hilanjMLiU of Ihe tmhIs of ihe r&prioc alitor nrletKate maimai, 
■ith IhcMe of Ibe |Mxnu nad by bmucoI ocfish. tcIlBtbmBMfiatT. 'TlKraiBai 
14 bq^ villi, u F(j iBv^ the fame 1 
Ual straciiiie as ihai af Uw dep— ihe 3 
of thai «« ahrajs 1 ' —--..- 
** ■'taMTifta— '• Bi il ia 
B pcodncts of ihat f 
" e baSiBae mMfri 
.... mc "''™' : >Bll tl 
a pnnilire rne^v. ia the fl 
1. Fta 

■aa a nr. I 

■■ (BsaiWa «( «n)c- 

iBic. (o cia»)j that the ^Sffcnscta hM^rtn 

■ncve»idEtaUe. vLi!* in their cu^'- 

itufe thiT dinr-c siip aiu} mote 

taiddr ftcn is* aaubcr. Jto! ii is ■ gtn- 

«al bw Ihai, the Mctc t* <^*t ut astmak 

' ia ntaill'^tKtiiir. thr 

laiiaMilj da thtii tm- 

hqnta icontlte ca» wolher : m that, for «>' 

— *- -- Mtryta rl a taate mJ cf a "" 
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fn diameter, nnd miglit he Ocsnrilied iu tbe 
same lermM bh IIihI of Lbc dup. sn Hint I rnsed 
oviy refer lo iIib flgiin' illiiBiriiiii'e JU A.) of 
iu striK^iiiri!, It l(-av<'a iltu iitgao 111 which 
it is furmeil in n slinilur f.iNliinii miii] entera 
Ihomgjinic eliarnliirr |iiPiriin;r| fuc iia ti-cep- 
lioa ia lliu Buiiic wiiy. iIil' iviuJiii(.:i» «f its 
duvelopmi-iit lieijij; in nil I'^'^jivcN iliu same. 
It has mil yet liui'o ii'iisilik- ininl "iily hy 
Bome rare eltanno cnn It ever lii.' piiNHil>lG) to 
study ibc Liimao nvum insoemly.i iluneliip- 
mental slagc as Hint i>r yelk >1lri->;i>M. lint 
Uiew ia everj- renunn m I'linclndc iIimi. IIib 
chsagrs itunuprgncg iin- i'i'':ii ■ ^l -^ 'Hi :li i-.e 
exhibilud hy ih" niM ■■■ ... ,i..,| 
knimsls : for IIib r<i<i.: . i-f 

wliich Ihu nidimcn'jirv hi . .- i ^r:l- 

Ctd. ia liie earlief 1 i''.rrii I'.ii- m n i>i,.h il 
hftn oliservud, ari: Oi^- -.ni' i- 'li im' nf 
other onimiilf. Somi^ of flii'-=i' ■■ i-'A -i -i li;iw 
are flKiired below, nmi. :.-. will It -,, m. ijn'v 
BTU Siriflly en m (111 nth I'; U: Ur- vr:f .^rly 
Ktalea of llig iloi; : tho miiivr-lliiii.i cnrre- 
BpoiwlPiiCLi between the Iwii whicii i-i kept 
till, I'TOii for amnc lime. b» fli-vi-lopracnl ait- 
. Iieeoming nnpnrcnt hy the i^linpk 
'— -' ■'■- 3 wiU olhu 



m'Hlc iif hilt nutriliun Itefnre mid nfter birib, 

wlih I hi' nnimals wbleb lie immeiliaioly below 
hhninlUKscnIe — iniLii. if his adult uud perfect 
Hirucliiri' bii inimpiiiud Willi theira.exbibitg, 
as inigfH I* exporied. a ciHcvell-HLB likenere 
uf ii'iinmzaihiD. He reoeoililes ih^ni as ibey 
resi nil'ie nntt auoUier — be difftrH fruiii Ibcm 
asllicy (lifftT tram one anotlii-r. And. Ihoiigli 
these ilill'ereuees sod rNemhiances enniiut lie 
weifTlii'd aud menNiiied, llieir vahie mnv Iw 
readily iwtimalud : lliu M'ulti ui BUndul'tl oC 
judgmi'Di, toiu'hlDj^ iliiit \nJiie. beiiiK nfford- 
ed and L-xiirusHiid tiy ilie system of chiKsiftca 
tion i)f anhnuls now currcut amoug zutdu 

A careful wtiidy tif Iba reaemhiBncus and 
diffeienpt'K prps^nled liy Btiltnrvis hns, in fact, 
ledntiliiiHli^is ti> arrange them iuio gruupavt 
as9emhliiu:i!a, all the raemlwra iif eiitii sroup 
presenlin^ a csriain amuuul of defluabluw!. 
semblanee, and Ihe iitimher at poiuls of simi- 
larity heini; sraiiller as Iho }rrm)|i is larger 
and jtirS rermt. Thus all trramrea wliidi 
agree only in presenting fho few dislini>ilv« 
mnrlta of animdily formlliu"' Kingdnr 



compnripon nf tl 
riniis;vshi-.« 



Igiires V 



others pro- 

ery long l>efrirc llie body of 
iiievii'itiL' imniuti licing win lio readily dis- 

critninni--d rinin Ibnt of Mlie yoiinj; puppy : 

ni, at u lutenibly early peiii>'l, the two be- 
'^cH8ai(gui8LnblehvlbedilT"rpnt fonnof 
r adjuncts, Ibo yelk sac and ihe uUaoioia. 
_% fanntr, in tlie do^. tiecumcs Inn^ and 
tfl<1le -shaped, while in man it luinains 
split-tii'al : the laller. in Hie ilu;;, nlt-.iiQ? att 
eitn'iiiily large siw, and Ibe varcidur pro- 
tesjc-i which aiedevi loped from iljiud (■vent- 
Dully givB rise to iliy foimaiiou of the pla- 

U (laKiog root, an it wei'e, in tlie parental 

mtem, Bt> OS tu dmw nourish nii'ni therc- 
1, u the root of a tri.'i- I'xiiiuis it I'tum 
loll) are arranged in nu iiieirchn^ ZL)De, 
le In man tlie altauli^U ii-iuiiiizi umnpnia- 
j stnali. and its vai^cuiin' runtkta are 
MUaily testrlcled to one disUJike spiH. 
EC. wliilu the plaei^nlaof liiudug is like a 
I, Uiat of man lias the cuke-hlce fuim 
Itcd by tbe name of Ihe organ. 
It exactly in those ri^pects in wliicb the 
iapiim man dilfers from llie dug, he re- 
'*'» iht: npc, whicli, like man, has o, 
_4dal yelk-sau unil a didculdal — sume- 
js parliully Inbud plaeeula. 
p' that it is only iiiiiie iu the latci' sisges 
ivelnpment that ihu jotmg human being 
mis tnnrkcd il^rii'ivuees Jrnin llx^ young 
_,(. WliilB Ihe l:ittLT di'i'tirfi Ji. nivicb fiuiii 
Uwdo)rinlisfkvi.|r.|,:,i-..ii 1, 11,.. iiu.n duc-s, 
Btartling iis tin- li.-i .i"-. ni .m nmy appfiir 



imalis. The i 
only in poswe 
vericbiates fof 



uik whifli aitree 
aiib-kingdnm"iif this 



lie. It il 

esretom'; sunir-ivni \.i |,i;ic( 
_M UiBBtruaiiiiil uniij i,f w 
Hof the animal world, mid ir 
If sod closely wilb liie npta. 



i^'oaJ all 



I, id«aiical in ihe phj-elcal processes 
b bo orfj^iniiles — iilentieal in Ihe early 
— laonlieal in '.iji? 
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jne iliowmaminnlB. wliOBeyoiiiw 
, or nJint tirumllKilllic; " plactnUl 



mnst Kuppificinl sludy would 
Li- lis lliBt aiimng lliu uriii'ie 
imniiils. ntilliir lilt WliuIeB 
ciiMtlutcs, mil' till' Sld'hs uDll 
i Culs, Drijpi, 



[Ingrtnm. Tlicn Uiuaiilj kiiif,'dinn ^cMeljmi.i gcuiis nm 

" suh'lUidefl Into tliu five " ebssos." Bslit-i, iiic iLOiiii 

apbiliiuns. rpplilce. birds, and mBmniHls, ii (iltu'cnl: 

111 lliesa inlj) enuilter groups calle>l ""or- niiiinmiilw. 
ders ;" tlii.'ae into " Cftmilies" wid " genera :"' FiirlUtr, iLe 

wbile llie last an, Dnally limkeD up iaio Ilic at nncc cunvio 

emallesliuaeinbliige!!, wliicbiu-cdisiiagLiUlied (if [ilncruUl iii 

by tbe possession of couEliuit. DOl-suximl, nor Ibu linolcil 

GliHraclurs. Tliese uUimate groups ure Spu- Ant-enli.'l'fl. nor ■■«, ^,„,n.r,^.u^ ^ms, i"-sa, 

DiL's. nii'l IJimrB. still lens ilie Rodi'Dt Rnlt Had 

Every year tends to bring about ii j^riHiler Uiihbjts, or ibc InstciivaiouR Mules and ' 

uniformUy of apinion lliruuiibuut ibi; soo- UeiJj^liags, or Ihe Bills, could otuim out 

Itwicul world lu to tbi: limits uud cbHracliira "Hanio" iis odd of IhcmKelBtB. 
oft bvB« groups, greHtHudiituull. At preevnt, Tlicrc would rpniuin, llit'D, but one order 

for exiiinplc, uoutii!liiistliuli:;i:itduiibt rcgiitil- for cominiriBiin, Ibat of tbe Apes (using tb^ 

ing tbe obiirnctcrB of Iliu liiibsts nuumialla, word in tlH hruaiisH^ sense), and tlic ques- 

av4^, or rcpllliu ; nor dues the (tuesiiun arim; tliiii for discussion irouli) narrow ilsvlf lo 

wbelbtif uuy iborougbly wdl-kmin'n iiuimnl ibis— is Mim so diftereot from any of Lhew. 

alluuld be plaoL'd ta ono <;i>isb or tbe olbci. Apos tbut lie mufttfoiiu an uriler by himself T 

A^bin.lbere is u vuiy guuciul iigr(;L'iiU'Ut k- Ur doi's bo diCIer kss from Ilicin tban tbey 

■puuliiig Ibe chitrauiors nuil limits of Ibc iir- differ fioin ouc UTii:tber, and lieni^e must 

ders of miimmHls, uud as to lUo imimuls biko bis place in tbe same ordM ivilli Ibcm ? 
wUicb aru struclutiilly nPcei'silalcd lu luko n Being liappdy free from nil real or miiigin- 

plw:e in onu or iinolbur ordvr. ary iiersonul Interest lu tbe resiilla of tbe in>. 

No onii dniibis, for cxumpic, Ibat tbe Sliitli quliy tlius set ufool, we sliould prooecd to ( 

and Ihe Anl-enter, the Kunpitiio snd tbe "'eigb tbu argumtnts on oneitiiie and on the 

Opossum, the TigLT nnd llio Badger, tbo Ta- olbcr, wiili as miiL'b JuiHcml calmness as if ■ 

pir flod Ihu Rliinoceros. are reBpeelively Uic qiieslioii related to a new (.IpOMum. 

members of llie siimu orders. Tliesi; sucees- Wo slioiild endeavor to asfeitiiin. wiUiout 

sivR pairs of aulmuls may anil aome do diiTer seeking eitlicr 10 miij^ify^ or diminisli tliem, 

from one onoUier immensely, in sucb mat' all iliii ebiiiuolers by wbicb our new Mam* 

tors autbepropurlions and Birueturenf ibiii" niai dilTcred fiom ilio Apia; and if wo ■ 

limbs; llieaiimlicroF their dorsal and bini- found Unit lliese -were of less sltuclural- 

bar vuMebiie ; tbe ndaplntlon of ilieir frume.s value lliuu loose wliich disiinguiHli eerlain 

to cllmbiug, leaping, or runninj^ ; tlie ouin members of Ilia Ape older from others uni- 



d the chaia 



lly iidmiitcd io be of tbe same order, 

Bhoidd undoubtedly place ibe newly dia- 

eicd Icilurian genus wllb tbem. 

now prccued lo detail tbe facts which 

leave ns no ehoice but to 



ber and fonn of llieirteetb . 
ters of Iheir skulls and of Ilie coutiiiued 
brain. But, wilb all these difleronees, ibey 
are so cliiscly coonetted Ic all Ibe more im 
portunLand fundamental cbarac.ers of their 

uiganiEation, and so distinctly separated by aUupl the lasl-meDlloncd 
these same cLarnctcrs from oilier animals, 
that zoologislB find ilneceasary to group 
Ihem logelher as mLinljers of oue order. 
And if any now animal weie discovered, iind 
— ■6 found to present no greater difference 
"mgaroo and tlieOposBO ' 



other. Ibe zoologist would i: 
ally compelled io lauk It ' 
with these, but be'would u 
otherwise. 

Beuiiiig Ibis obvioug cm 



isquileccrlaio IballheApc wbirh most 
ly !iii|irnaeiR'S man, in Ibe lolalily of 
ii}:iiniwiliiui, is eilber Ihe Cbimpauzee 
le i;r.iillri ; nnJ ii.s 11 innkcs ii<i ptailicat 
jieiur, Ciir llic liiiipojia of my piesenl 
' - ' * ' ' ' ■ ' ' paiiaon. 



: bill 
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lot only be logic- o 

n tbe same older f'ther hand, iviih llie itst of the Piinmita, 

A think ot doing 1 sbnil ai'lect the Inlicr (eo far ns its orgnni- 
r.tiliou is known)— us a brule now so ccle- 

rse iif T.wt\o^cn] braled in prose and verse, Ihal all must Have 
TeiisiiDiog ID minii. ii't ns embavor for :i benrd of lilm, and havu formed some con- 
mtnitiil, III ilistm.Mrci iiiir iliiiiliimr nlvi' ceplioti of bis iippearunce. I fhall lake Up 
In.ni ilu' iiiii-k 111 iii]irriTiiiy , !i I ii> iiiniL'liii n;* many of Ihe most important points of 
ouimIvls KiMiiilir >:imrii'i:iiis. il" y.ri iiill, 'liftViem* between man and Ibis remarkable 
fuiily (ic(|iiiiiiiti>d Hiiti iiH'li ;iruni!iK w~ iiiiw eieiiiure as the space at my disposal Will 
inhabit Ihe laiih, and tmpluytd In diacuss- nllow me to discuss, and tbe uece^silJCB of 
ing the iiliitiuns they Uar lo a new and Uiu argument demimd ; and 1 bIiuII inuntra 
Eingulur " erect anil fcalberless biped," into the value and nia^uiludc of iheiju dllfer- 
wbieb Bpme tnleiprlBing traveller, OTcrcom- enees. when placed side by side with tbosa 
ing the dinicultles of space and giavitation, which Mparuie Ibc Uoiilla from oilier uui- 
liHS broiigLl from that distant plaiicl for our mala of the same order, 
inspeclinu, well prtseived, may be, in a In tbe general prtrporlions of Ihe body and 
ca&k of rum. We sliould nil, at cncc. agree limbs tlieie is a remurkahlu dillereaue liu- 
upon placing him among ihe mummulliiti t ween the Ourilla mid Man, wbk'h at uuou 
Tcrlebrales ; and his lower jaw. bis iiiohifi', strikes tbe eye. The Ourilla 's briiin-c.ise la 
end bis brain, would liaie no room U,r smaller, its trunk larger, its lower limlit 
L doubling Ibc f^yBlemulic posllioa of ibc new shorter lis upi>i;r limbs longer iu proportion 






EVroENCE AS TO MAN'S PLACE IN NATURE. 
■tMan 



I find that tlje verlRbral culiitnn of h 



S1» 

ltd coliiiii!! ; Willie U mil and foot hsve 
■leaHy tlii-»s!in;|in.p.ii,ii)iis lo one aa,Hher 
lad to llim|)ini!, :ia In Miin. 

f Surseofts, inuasurM 37 ioclics In the Spidjr moiittpy' (AItIm) l.lie leu is 

along'lts UTiti.'rior curvnturo. from the upper I'lixor liiau llv-, spiiiL-. mid Uil' iiiiii tiMMilic 

edge of lUe Hllns, or first vcrtelira of the '^S : ""d. liaiilly, iti Ih^it inniirkulik' Ijimii- 

nflck. lolJiy lower exiicmil/ of Ihu eacniiit ; '""^ form, ilie Imlri (/./-■'i-f/j-(/"»), ihc leg \s 

tlMt Uio iiftn, witlinut llie hand, is 3U "''"I'as long ns lbs .'.|^ill!ll column, uliile 

iafhu3 Inus; ; that tUo left, wiihoot ihc foot, liioarm is not more ihiiu H of i;.« Ipngtli, 

i9:!Ul IncNc'^loDc: lliui iliQ hanclisSj iucbes tbe hand havitig rather kxa ami lliu foot 

'ong . the tool III iiiolHfs loajf. rattier mora ilmii ono third the lonRth of 

In oiht'r witrds, luklag the lenglli of the the Bpiuu! column. 

Siiiiil cdliimii aa 103. the arm ciiuals 115, These exninplea might be grcBfly raiiltl- 

BlPgftU, theUiuid Ud, and UiefnDt41. plied, but Lbey suffice to bIidw lliDl. iu wlint- 

la tlin Bkclrilon of a male Bosjcsmao. io ever proportion of its limbs llie Gnrilln 

the soma coliection, iba proportions, by the differs from M«n. the oilier Apes deprirt slill 

same meB.?mvmi.'iit, to llie spinal column, more widely from the Gorilla, uiid lUut. coo- 

Uken as lOtJ. are— Iho ann TP, the leg 110, sequenlly, siieb differences of pruporlion 

the bund 26, and the foot 32. In it woman can bnve no ordion! value. 
of the s)iii)> rncQ the arm is Bi. and Ibe leg 

130, (III' Imnd and foot n'maining Ibc same Wo may next cnosiilcr Iho ilifrur"nces 

In a EuiMpudii skeieloB I find thw arm lu be preaentpil liy the trunk, eoiislslin; of the 

bO, tii'i Ic:- 117. lUc hand 38, the foot .15. vartebml column, ni' Imckhoni', and lliu ribs 

Tliin the li'E^ is not so different tus it looka and pelvis, of liony hip-bnsln. which are 

at Srst .i^i^lit, in its proportioDa to the fapinc connected with ll, in Miin and in the Gorilla 

iathi; irilln and in liio Man— being \x:\y respectively. 

sligblly Klinili-T than the Epioc in tbo former. In Man. in eoo'^.'qnence partly of llio dis- 

anl bi.'lMv.'en Vh and i lougtr tlmn the spine poBltion of Ibi: articular surfocea of lliii ver- 

in the l.illiT, Tliu foot is lunger and the tebre, and largely of the elastic tension of 

lianil muHi linger in the Gurillu: but the Bome of the fibrous hands, or ilgnmcnta. 

ti'w at ihlTercnce is caiisal by the arms, wiiicb connect these YcrtebrK together, ihC 

— ^■~' are very much longer tlinn the spitic spinal ciiiumn, ns n whole, has an oicjrant 

. Gorilla, very much shoiter than the S-like curvature, being cunvcK furwurd in 

ill Uiu maa. the neck, concave In Iho hnch, couvvx iu the 

cqtwstlouiir.v iiriaos. howaretheoUicr loins, or lumbar region, Jind coiieavc agaia 

^MaUid 10 ihu Gorilla in thcBe respects in the sacral region ; aa nrrangemcnt which 

log ttie lou^'th of Ihu spine, measured gives much elaslicity to llie wh(;l« liBCklicnB, 

way. ut too. In an adult Chiiii- ajid diraiaialiea the jnr nommunleatrd to the 

nnn is only OH, the leg 00, the Bpine, and through it to the head, by loco- 

4-1, the foot SD^u that tiie hand and molion in the erect ivisitjon. 

lit more from the human pi'o- Furthemioro, uiidcr ordinary eircum- 

tln una luss, while the fout is slancea, Man has seven verlebriE in his neck. 

iiiii- as in ths Qorilla. which arc called ctnica'. ; twnlvu su<^-eud 

t lEi;, the iirms are very mucit these, beating rihs and forming Ihe tipper 

i!i l.lie L!niill:i 11'!^}, while tbu pait of the back, whence tliey are termed 

■I. ''.: 1:"^ I ■ lijtiger Ihan rfOr«<i,' five, lie in t!ie loins, Iwaiing no dla- 

! 1 1 ill u mnch tinct, or tree, ribs, and are callwl O'vilntr ; 

five, united together into a great bnni-. es- 

J II' . , ■ .1, ■ -. ■Mill. liieGib- caTati.'d in front, solidly wedgt<l in lii'iweea 

.,. 7;.,>iii>,ii, iLU' hilll furllier tho hip hones, to form the back of Ihe pel- 

i^lh of the ai'iii:, Uiing in tlint vis, and known by the name of Ihe lacrtm. 

I (lumQ aa 11* lo 11, \vhile the Bocceed these ; and finally, tlirea or fIlUr|i^ 

. third lunger Ihnli ihe snloal tie more or less movable bones. BO small as 

■' to bo Inngur Ihau in Man, to lie ioaignitlenut, eonBlitnle the coeeyx or 

I irier, Tliu hand is half as rudimentary tail. 

-piiial coluiDD, and Iho foot. In the Qorilla the Tcrlehr.d column is 

iliH band, is abuitl VV "f Ihs daiilarly divide Into cervical, dorsal, lum- 

;'iiiil truliimn. her, sncial, ant eoccygual vertehne, and the 

, . w iiH much I'lfigef in the total uniiilier of cervical and dorsal verte- 

. I li'.i as Ihe Gorilla is brse, taken together. Is the same aa ia man ; 

<< lui.i Man: wbilif, on the but (he development of a pair of rlbsto the 

- Li-ii longer iu the legs flrBt liiuihar vertebra, which isanexcepiional 

., Hi- -Mania longer ia ibe occurrence in Man, iathe ruleinthe Gorilla ; 

.■ Hi.viiiiii, S3 ilial it contains Willi- and hence, as lumbar are distinguished from 

J exiromeai deviations from ihu dorsal vertebm,' only by the prcKenee or ab- 

averug;) l''n'jlh of britb piiira nf limbs {eeu the senco of free ribs, thesevcntccn " dorao-I'jm- 

FrouiiHi.ieiiiJ, bar" vertebra) of the Gorilla are dividod 

~" aJUaurlrill pf&ii'uls a middle condition, into thinetn dorsal and four bimliar. while 

miu nnil leit* being nearly tiiuul is ia Man they are twelve dorsal and five lam- 

t(*a(I iNHb bdnji shi>rti-i than the up!- bar. 
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Not only, however, does Man oecasionally 
I posscM thirteen pair of ribs, hut Ihe Gorilla 
Homotlmca has founccu pitirs, while an 
Orang-Utan skeleton in the Hiieeum of the 
Hoyaf College of Burgeona has twelve dorsal 
and five lumber veitehrv. as ia Man. Cii> 
vier nalee Ibc game numher :a a Jlfflobnla- 
On the other hand, umong the loner Apes, 
many possess twelve dorsal and six or seven 
lumbar vertehtw ; IliunouroucoulihoH four- 
teen dorsal and "i^i liiinhnr, nnd a Lemur 
(Seiiopt hirdi^-adiii) has tiflccn dorsal and 
nine lumbar verlelirw. 

ThB vutiennil i^iilumu oE ihe Goriliii, as a 
wholu. diffei^ rroiii llial of Man in Ihe less 
marked chanicler uf ils (■■jires, pspecially in 
tbe slighlur oo-jvusifv of iIil' lumhiir region. 
JHeverlhel'ja*. the turvea 'in; present, aud 



mn qaJ'P obTioua in young aicelelnns of t 
Gorilla and Chimpanzee wUicli iiavo be 
TirepsTed witboii! removal of iho [1j:ameiita^ 
In young Orani^d similarly preserved, on thig 
other hand, tlie spinal column is eillie3 
atruight, or uvea concave forr.-anJ, IhronKb.'l 
out Hie lumliar region. ■ 

Whether we lake these cliarnciei's lbe^J 
or such minor onea as (hose which are <i€i'i'^ 
able from tlie proportional length of llid 
spines in the cervical vertcbne, and the lik& 
there ia no dotitit whatsoever as to the marked 
differeniM! betweim Man and the Gorilla : biM 
Ihere ia as litllu. that equally marked differ-^ 
cQcus, of the very same order, obtain b^M 
tweeu IliB Gorilla and the lower apes, -m 

The pelvis, or bony girdle of the hips, otM 
Han is u strikingly human part of h' 
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Jbkm : Iba oxpanUed baiincli-bonea affora- Mi ciiblc incliea. Let us fiBBiiino, lor slm- 

ing Buppt)rl for his viscera duiing his iiabilu- plicily'a Bake. Ibat llio lowest Mun'a skull 

ally cruel poaiuie, and giring space tor [he has twicetliecapadty of Uieliigliesf Gorilla. 

attueboieut of llic i;reat muacles wbicb en- No iloubl ibis ieti very striking dificrturk. 

iibb liim to BssumD and to preserve Ibat at- but it loses iiiiich at its appuent sysiemniJc 

titudB. In lUesB leapects the pelvia of ihe value when viewed by llic lifhl of certwn 

Oorilla differs very considerably from bis "Hkt ((|ually indubitable (acts rcspeetlnfi 

rPigi 10). But ga DO lower ihan the Git>- ernniiil (.'iipncilies. 

ban, and see bovf vastly more be differs TUe tir'-t of Ilicso is, Ihat tbc diffeienoe in 

rrutatlie QotilU than the latter does from Ibc viilumn of the cranial cavity of diSecent 

Uuu, even in this structure. Look ut the racvx of inHnkincI is for grcnlei', alwolutely. 

ilot, narrow haunch- booes—tbe long and Ihan that betn' if en the lowest Mnn and lue 

(utrrow passage — (be coaree, outwardly highest Ape, nhile, relniircly, it \n abcul 

curved, iscbiatic prominenees on wbich tEie the xnnie. For the IftrgCBt biiman skull 

GiUbou habitually rests, and which are measured by llfiitiin contaiDed 114 eubJc 

(Tinted by the Bo-callcd callosities," dense ioclies—tliiit is to say. hiid veiy nearly 

pniehes of skio, wholly absentintho GotUIa. dnulilB the rnp"rilv of llio snmlltsl ; whifr 

ID (be Cbiuipanzce, and In the Orong, as in its "ilis-otiilciiri-iviiiilerancenf 53chI»c incbdi 

Maol i--' r:.r uTMiiii- iiinii Liijit by which the low 

In ilie lower Monkeys and in the Lemurs c-i r,.lu:i nui.'' iiuinnu i^raiiUim surpasses the 

tlio difference becomes more Etriltiug sliU, l,iii:<-i -i ih- liiiiillus (02— 34i =37il. 

iho pelvis acijuiriug an altogether i^uadru- ^mm 1), iii< iii:iiIH:ianiaof Gorillas whicli 

pod lI character. li]ivi' ii?* ui liecn measured differ iimmi^r 

Hut DOW let us turn to a nobler and mora ilii:iii&i'lvi.''» liv ntmrly one tldrd, Ihu mnxi- 

dumoCerlsIic organ — tliat by which (he bu- mum eiiiuicily ittiiig 34.5 cubic inchcB, the 

man frame Bcems lobe, nu<l imleed is, so minimum 24 cubic inches ; and, thirdly. 

Urongly dUtinguialied from nil ollwrs — I afier iiiuklog ull due allowance for differ 

ncnn the skull. The differences between a cncc of size, the cranial capacities of aumi. 

jurlila's skull and a Man's are truly im- of the lower apes full nearly its much, rciu- 

moase (Fig. 18). In tlie former, the face, lively, below those of the higher Apes as the 

rormed largely by the massive juw-bones, latter fall below Man. 

picilorai nates over tbc brain-case, or crani' Thus, even in Ibe imporlantraatlerof ti* 

um proper : in tlio latter, the proponiona of nial capacity. Men differ more widely ti'om 

lite two Are reversed. In the Man, the oc- one an nth ev than Ihey dn from the Ape^. 

CipitHl foramen, Ibcoush which passes the -nrhlle the Inwest Apes differ us much, in 

J,tw»t nervous cord connoctinglhe Urainwith proportion, from ilie highesl, as the latter 

ihc nerves of the body, is placed just behind 5ocs from -Mail. The last proposition is Biill 

Uie centre of the base of the skull, which tjettcr illu^iMtcil by the sliuly of tlie modlll- 

liiaa becomes evenly balanced in the erect cations which otlicr parts of the cranium un- 

^Elure ; in the Gorilla it lies in the poste- dergo in Ihu Simian series. 

no? Ihird of that base, In the Man, ibe aur- it js ihe laige proportional siie of the facial 

iaptiol the skull is comparatively emooth, boncsandtho graal projection of Iho jaws 

uifl Ibe Hupraciliary ridge* nr brow promi- whicli coafera upon the Gortlla'a akull itB 

neiioes usually project but little— while, in amall facial an^lu iiml lirulal character. 

the Oorilhi, vatt crests aie developed upon Bnt it we consider the proportional sisie of 

die akull, and the brow ridges overhang the the facial bones trt the skull proper only, the 

cavernous orbits, like Kreat penthouses, ntHe Ghrytot}trix{Yig. Ill) dJBera very widely 

Sections of the skulls, however, show that from the Gorilla, and la the same way as 

Mine of the apparent defects of the Gorilla's jj^^ do^s ; while the Baboons (C^AwpW'i«, 

CiWtlam arise, in fact, not so much from Y'lg. 10) csaiwErate the groaa pcoi»rtions of 

deadenoy of bralo-caseasfrouiesceaslvede. the muzzle of the great Anthropoid, so tliat 

Velopnuut of the parts of the Tace. The its vlsaze looks mild and human by compar- 

cn&ud uivity is not Ill-shaped, and the fore- jbod with theirs. The difference between 

taidia not truly flattened or very retreating, the Gorilla and the Ualwon la even greater 

Itl Wtlly well-formed curve being simply than it appears at firsl sight : for the great 

dttgnleed by the mass of bone which is built facial mwfs of the former is largel:r due to a 

UOBgaiiiBl It (Fig. IG). downward development of the jawa ■, an 

Hut tlie roofs of the orbits rise more ob- el>senlially human character, superadded 

liqudT into the cranial cavity, thus dimin- upon that uluioat purely forward, esscniiallv 

WLlDKthe space for the lower part of the brutal, development of the same parts which 

UMeitor iobea of the brain, and the absolute characlerizea the Bsbonu, and yet more re- 
Gopnctty of the cranium is far less than that markably aistinituiahes the Lemur, 
nf Man ?*i far as 1 am aware, no human 

,-roT.,i>,ii [...[..Mginc to an adult man has yet Similarly Ibe occipital foramen of Myceles 

: id wilh a less cubical capacity (pjg, js), and still moreof the Lemurs, is 

!■ inches, the Binellest cranium gituatort eomplelely In the posterior face of 

;i[iy race of men by Morton, the skull or as n-uch farther back than that 

<;;; ruble inches; while, on the of the Gorilla as that of the Gorilla isfur- 

iiii,;r lki'kI. (lie most caviiU'ious Goitlla sktill tber back than that of Man ; while, as if to 

itt Dicii4Uitil has a couient of not mire than render patent the futility of the attempt Ui 
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rcnertil, Ibu propogilinn bolils garni UmI tUe TTiiJillig tliirlj-lwii m nil, Tim intPinal io- 

aifforencps lietwwn Mim !ld[I llie Gofilla are ciaors aru larg?v tliiin lilt' iisUthuI piiir, in 

of snuillcT viilim lliau tli.i^c lji<iwei;a lUe llic upper jiiw, BmiiltiT iliiiu Ilic cxlt^rniil 

Ooiillu iiud aomii olh^r Apt!3. pair, in Ihu lotT<^r Jiiw. Tlia crowns nf llu! 
upper mnlars ezbiblt four cuspa, or bluni- 

Tn coQueciioti willi llio ekull. 1 may speak poinlcd tleviiiioDH, and a riilgi: ciotsL's ilic 

of Iho ti-ulh — tiri-iins wlucli liiive it peculiar crown oliliqiii'ly, frgm the iuiitr, anH'i'lor, 

cliuiunt'atDry tutue, uuil whose rp^fmlil.iuccii i^iiap lii Uie (nwt, poeletior c;ii^]t (Fi,!;, IT 

ftnil liiiruronci.-!^ at niimlier, form, anil giic- iii^,. Tbe nuterlur lower niolara have Ave 

cL'Sdlon. tiikin as a whole, nre usuiilly re- ciii^pa. (Iii'te cxluroal aniilwo iolcrnal Tlie 

^rJi.'rl an iiiiire ini^wortliy indlcalura of prumolars Ijilvi; twn cusps, on u liiU'IIial lUld 

afflnilj liiiiQ iKiy iHUits. one cilernal, of wiiinlillie outer is lljcliigber. 

Had is prdvijoil wiili Iwq 8t(s of teelli— In all tljesu reapi'cts llie di-iililion of Uib 

milk ici-iu and punnnavnl icuili. Tliu UDvilln miiy lit: ilcsorllicil In llm same terms 

tormt-r crm^lat of four iaeisoin, or uulling. as r.hat of Man : bul in otUer mnllcrs it ex- 

leeili ; t"-o canines, or eyo-leelb ; iio'l fmir bibiis uiiiDy aud Imporinnt differejaees (Fig. 

■ ■ iiLnkin^' 17), 

. .- .„. , njnorise Tliu,? Uio Ipetli of man conaliliite a regular 

>uu[ luiTisiin), iivN iTuiiiucs, four small L'vind- anilcivcn ijerles — wilbuutany break and wilii- 

erE, railed premolaig orful^ie mnlnra, and six out any marked pro jit: lion of one tontli above 

' — V giindt.'is. or true tnoluro ia eacb jaw — tbe level of llio rost i a puculiarllj vvlUcli, na 
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RCuvier lung ago stmwecl, is ahareit liy tic 
'otLer tnammal save one — aH different a c.rea- 
B from man as taa neil Iw imnKiQod — 
nnmely. Ibe long esllncl AnopUilherium, 
Tlio teelb of llio Qorilla. on tlie roolniry, ex- 
hibit a. break, or inl^rvHl, lermed the 4ia*U- 
Pia, ia bo!h jawB : iu front of the eye-loolh, 
or between it unil the oiitKr incisor, in the 
upper jaw ; behind the eye-Iootb, 
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twees it and the front false molar in ilit 
lower jaw. Into this break in tlie ecrlex, in 
each jaw, fits the canine of tba npposile inw. 
size of the eye-tootli in Iho Gorilla bein;: 
grent tliat it projects, like u tusk, fur 1k'. 
jonti the genurul level of the other lecih, 
The rools uf the false molar Ictb of Ibc 
Oorillu, ngnin, are more complex Ihnn in 
Man. and the proporlional size of the mnlnrs 
iBdlfTercDt. The Gorilla lias the crotvii n! 
the hindmo3t giinder of ilie lower jaw more 
compleJt. and Ibe order of eruption of Uic 
permanent Icelh is difCi ri'iit, the permnnent 
canines mnklug theii' appearance before Ibe 
iecond and third molars in Man, and after 
thiim in the Gorilla. 

Tbtia, while the teeth of thcOotilln nlosely 
resemble Ihnse of Man in number, kind, and 
In tbe general pallern of Ihi'ir crowns, Ihej 
ei 111 bit marked differences from those of Man 
idary rwpects, eiieh as rcliitire aiae, 
number of inngs, iind onier of -nppearance. ' 
But i( the leeihtif Ibe Gorilla be compared 
with those of on Ajw. no fiiilhtr removed 
from it than a Cynat^ialus. or Bnlwon, it 
will be found that differences nnd resem- 
blances of the same onltr are easily obKervn- 
hie: but that many of the polnls iu which 
the GotUiaresembfesMunarelhopein which 
it differs from the Baboon, while vi.iious re- 
spects in which It differs from Miin are ex- 
aggerated in Ibe Oyjioeephahia. Tlio num- 
ber and the nature of the leclh rcmaiu tba 
name in the Baboon ns in the Gorilla nnd in 
Man, But the paltern of the Biihonn'a up- 
per molars is (juiot different ffom that de- 
Bcrihed above (Fiff. 17), the canines are pri>- 
portloDally longer and more knil'e-like ; Uie 
anterior premolar id Ihe lower jnw is speciol- 
Ij modified ; the posterior molar of the lower 
Jaw is still larger and more complex Ihan in 
the Gorilla. 

Passing from the oid-woild Apeslo Iheee 
ot the new world, we meet with a change of 
much ereater importance Ihan any of these. 
In such B genua as Odma, for e.vamplo (Fig. 
17). it will he found that while in some sec- 
ondary points, such ns the projection of the 
canines and Ihe diastema, the resemblanc^o 
to the great ape is preserved ; in other and 
moat important respects, the dentition is ex- 
tremely different. Instead of 20 teelh in 
Uie mdk set, there are 24; instead of 88 
teeth in the permanent set, there are 30, the 
false molars being increased from eight to 
twelve. And in form the crowns of the 
molarsare very unlike those of the Gorilla, 

, and differ far more widely from the human 

' pattern. 

I The Marmosets, on the other hand, es- 

^blt tbe same number of teeth aa Man and 




the Gurllla ; but, notwilhstauding this, their 
dentition is very different, forllicy liave four 
more false molars, tike the otlier American 
monkeys— but aa ;hey;:::r; f'j^K' fewer truo 
molars, the total re!iteiQ= :i'.i! aaaie. And' 

Eis.-itig from the Am<iri(;'iii api/s lo iha 
emurs, the dentition bueuiui'a 
corajjlelely and eaaenlially diffei 
that of tlie Gorilla. The incisors begin to 
vary holh in numher aud in form. "" " 
molars acquire, more and more, a mi 
pointed, insectivorous character, and ia 
Genus, the Aye-Aye (XHteii-ainy), the canines 
dlMippear, and tliu leetli completely aimulatft 
those of a Rodent (Fig. 17). 

Uenro it is obvious that, greatly as th» 
denlhion of the highest Ape differs from 
that of Man, it differs fnr m^^o widely from 
that of tbe lower and lowest Apua. 

Whatever part ot the anlinul fabric— what- 
ever series of muscles, whatever viacem 
might ho selected for comparlson^tbo result 
would be the tiame— the lower Apes nnd the 
Gorilla would differ more than the Gorilla 
and the Man. 1 cannot attemptin this place 
to follow out all these compurisnus in detail, 
and indeed it is uaueccssary I should do so. 
But certain real, or supposed, structural dis- 
tlnclions between msn and the apes remain. 
upon wliieh Bii much stress has been laid. 
that they require careful cnnsideraliun in 
order that the true value may he assign^ to 
those which are real, and the emptiness of 
IhosQ which are fictitious may be cX)joscd. 
I Tiikt til the cliaractera cf Uie hand, Ihs 
foot, and the brain. 

Man has buen deflneil as Ibe only animal 
possessed of two hsads IcrmiQUliiig his fore 
limbs, nad of tiv.i feel cndiiKrhishmd limbs, 
while it has b-jcii said that all U;e apes pos- 
ters four li.ind:i ; and he has bebu affirmed 
to differ luiidamualiUly from all the apes la 
Uio characters of bis bram, which nlonc, It 
ba-s l>eeu strangely ossoitetl and reasserted, 
exhibits the f^t(uctiirus known to anatomists 
as the posterior Icihu, the posterior comu of 
the lateral ventrlolo and tite hippocampus 

That liie former proposition Should have 
gained general ncccplaucQ is not surpriains 
— indouii, ill first sight, appEaraocus are 
much iQ its favjr ; but, as for the seeoati, 
one can only admire Ihc surpassing courage 
of its cnuDcialur, seeing that it la an innova- 
lion which is not only opposed lo generally 
and justly accepted ifoctrinea, bat which la 
directly iiegalivcd by the testimony of all 
original inquirers, who have specially inves- 
tigikled the matter ; aud that it neither has 
l>een. nor can he. supported by a aingle an*- 
tomieal preparation. It would, iu fact, be 
unn'orthy ot serious reFutaliou, except for 
the general and natural belief that dclibema 
and reiterated assertions :=.ist have snma 
foundation. 

Before wo can discuss the first point with 
advantage we must consider with some at- 
tention, and compare together, the 
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Jl<5 



of the hiirana bnnd an'i tliat of llic luimuu 

. 10 Hint wo mn^ Iiave disiinct aud ttuiir 

idciui of wLat cunsLituLes a hand aud vibat a. 

"wt. 

The external form of Uie human hand Is 

anilior enough to every one. It consists of 

. stout wrist follnwed by a broad palm. 

lormud of flesh, and tendons, and skin, bind- 
ing logetlier four bones, and dividing into 
four long and flexible digits, or flugsra, each 
of which hears on the back of iU last joint a 
bfond and flattened aail. The longest cleft 
Iwtweeu any two digits is rather Tsbs than 
Half us long as the hand. Prom the outer 
Bide of the base of the palm aatout di^lt goes 
off, having only two joints instead of tbi-ee ; 
BO short that it only readies to a litlln be- 
yoDd the middle of the first joint of the fin- 
ger next it ; and further remarkable by its 



iromlliatof Ihchoud: andytl.wlicn closely 
compurcd, the iwo prescui some singiilnr iv- 
scmblances. Thus llio nnkio corresponds In 
a maner with the wrist ; the solii Willi the 
palm ; Ihe toes with Ihe Dngcrs ; lliB cretii 
toe with the Ihumb. But the toes, or digits 
of the foot, are farahorter in proportion tliaa 
the digits of the liand, and are loss movable, 
Ihe want of mobility lielng most striking iu 
llie great toe— which, again, is very miieh 
lai^erin proportion to the other toes than Iht 
thumb to the fingerti. In ronsiderlng this 
point, however, it must not beforgoilen lliat 
the civili7,i!d gieat toe. confined and cramped 
from childhood upward. !s seen lo ii great 
disttdvnntage, and Ihal in iincMllitd and 
barefooted people it retainsagreat amount of 
mobility, and even eime sort ot opposftbiliiy. 
The Chinese boatmen arc said to be able l» 




peat mohiUiy. iu •'ousequenci: of which It 
GBD be* direclt'd outwurd. Hlmosl at a rif^ht 
Mgle to Ilie lesl, 1'his dii;it is called Uie 

"feitcc." or llmnib , I, liki: liic olhers, it 

h^r? n flul iiitil. i[|-uii \\u- Ii::l k i;f it>T lETmin- 

at Joint, lu .i.ii-i'ijiEi I it the propor- 

liousaudmoipilii) "i lin- ilnuiiii. ii l-wliar is 

Banned " oi)pu>-iiiili' ." iin >■ woi.i-. ini'x. 

tnanity cuu, «iiu iln ■ ■-' i',. 

brouglil iniocniiiiiii »iii, - '.1 

■ny of ItiO lluifiTn^ iL [PI. Ii 

'"^"■WSlbilily Uf .llir l'!IM>l!IJ ,l r;, .■:l;.; l iiif 

.^ions of Ihe miuil s» Ui^i.'ly (U'piinls. 
jntonuil fotm of the fool dillers widely 



pail an oar : the ariisans of Bengal to weave 
and the Carajas to steal fisli-hooka by il* 
help: though, after all, it must be recol- 
lected that llie slrucluro of tis joinla and the 
arrangement of its bones necessMrily ren- 
der iiM prehensile aclion far less perfect Ihao 
llialof Hie Ihumh. 

But (I) gain n prcdsn poricpt'lion nf Ihe re- 
semblances and diffcicnci'" i.f 111" hand and 
foot, and of the rllsliuilive diar.K-HTS of 
-■ach. we must look liH-.w the skin, nod 
compare ihe boni" f'am''w.i;U mid its moior 
apparatus in encti (Kia, 181. 

The skclelon of the h;iui I'xhlhii.i. in ihe 
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Rtirt rnol illTctge Hill ninte fror. tlioa; of the with Hie spimil chiI 'mla wliicb it is con 
Qnrilln Ihiin ility do in tliu IJiims. The liuuL'.l, an I wlih tlic nerves wtiicli comu u9 
thumb ceases to liunprwiilik in tliu American Itara it : of Itie segmi-Dts o( wliicli it iscont' 
monkcya : h ri'<'iin.-(l lo u mere nidinient pusuJ — iliu oirattory iolits, ilic ccrclirnl lifni' 
rovercd by ibe tkin in IhR Spider Monk^ ' ispbuiv. nn I Uio HiiccucJiiig divjxions — tn 
imd is dlrccied fnrwHrd and armed iviih a onupru'toinianii^s S'lmncb over tlie rest as to 
cutrcd claw like the other digits in ilic Har- ob'iruni or coror Iben; nad lliu sn-eiilled, 
moseU— Eo that in all Ilitso citses iliere cod <ipiio lobcs utu friHinunlly ihc largest masses 
be no doubt but that tbe band is mofti of all. In Itcptjle^t the ma«a of Ihe braloj 
rllfTerent from ttiat of Ibe Goiilla than tbe relatirely Co tlio spinal COtd. increases, and 
Gorill.-k's band Is from Slan's. ibe ccreural bomispheres b^ln to preilomi- 

And as to Ibe Fool, Ibe Krenl loe of Ihe nate over tbe other parts, while in Birds 
Marmoset is slitl more inaigiiificnnt ia prO' lliis prcilomitiiince is still more marked. 

Krtion than Ibat of Ibe Orao;;— while in Ibe The braiu of ilie lowest Momtnala, such as. 
muTs it is very large, aod an completely Ibe dTi^k-billed Platjpus and the Opossums 
Ibumb-likc and opposable as in The Gorilla — uud KaoL^uroos, exhibits ii etill more deflate 
but in Ibrae Ruimals the second toe is often artvonee in tbe same direction. Thecerchndj 
frregularly modiSed. iind in some epecics the bemispburus Iutii now so much increased is 
two principal bnnes of the larsua, ilie a«fra- she us. more or less, to hide tlie reprcsenta-' 
gnluM and the //• cateU, are so Immcnsety clon- lives of the optic lobes, which rctnain com. 
gated as to render t tie foot so fur lotallyun- paratirelyamall. so that thobminof aMarsu^ 
like thai of an; oilier mammnl. pial is extremely different from thai of A 

So with rcpard lo the idusi'Icb. The short Bird, Ri-'ptile, or Fisb. A step higher in ih» 
flexor of Ihr toe^uf Ihe Gorilla differs from scale, among Ibe placental >[aiumalB, the 
that nf Man ly llie circnnislance that one structtirs of tba brain acquires a vast mndlH- 
^Ip of tbemiiale is atliiched.not tolbelieel- cation — not that it appears much altered €£• 
Imne 1i»t to Ibe tendons of the long flexors. lemally. in a Gat or in a Rabbll. from whaf 
The lower Apes depn'l from ihc Gorilla by it is in a Uarsapial — nor that tbe pioportioni 
an exaggeration of Ibe Enme diameter, two, of its parts are mucli changed, buian appar. 
three, or more, vlips hccnming flxrd to Ibe ently new structure is found lietween th([ 
Inn;; flexor tendohs— or by >■ multiplicnlioii oere'ital hemispheres, connecting them to* 
of ibe slips. Aguin, llie tioiilla differs gethcr. as what is called the "great uom> 
slighily from Ttlan in the mode of inlcrlacing missure" or " corpus callosum." The eub* 
of ihe long flexor temlnns ; and Ibe lower Ject requires careful reinvesLigation, but \t 
Npes differ frnm IheGoiilln in cxbibitlnti; yet the eurrunlly received stalements are correct, 
other, somuliraes very complex, arrnnci'- Ihe appearance nf tbe *' corpus callosum" ini 
menis of ilic Fame paits. and occnsiotially in tbe plaeenial mammals is the greatrat and' 
till- Nlisence of Il;e HCcessoiy fleshy Imndle. must su^tden midilioalioa exhibited by thai 
Tlirmjghnut till three moaitic«ti»iis it iiiiifi brain in ibe whole series of TeitebratBd ani- 
\n recollected that the foot loses no one of mals^t i^ lue greatest leap anywhere raudfl 
iiH i'B«.'Diial cbarnclers. Eveiy Monkey and by Natiix; in lier brain work. For the two 
Ltiuiur exhibits the chanicieiiaic ui'ninee- halves uf the brain lieing once thus knit to> 
mcnt of tarsal bonus, posz^sses a abort flexor gethcr, III'! pio^rcss of cerebral complexity 
and short extensor muscle, and a ptroimui is iriuiL-alile through a comiili^ta setieti at 
langiu. Varied as Ihe proporlioux anil ap- steps from the lowest Itmleot, or Insectivore. 
pearance of the organ m:iy l>e, Ibe lermioHl to M'ln : and that comptexitf consisth 
divJHion of the bind huih reniuiiis. m plan cbieflir iu tbe disproportionate devtlopmrnt 
and principle »F conslnn-li m. -a fri'ii, and of tlie corehrul btfmispheres and of tlio 
never, in Ibose nupuetd, cjq be conrouudud _ bi^llum. but csi>ecially of Ihe forrat'r, i 
with a hand. ispeei tj the other parts of thi; bruin. 

Hardly any part of the ho< lily frame, then, ' Inlh-ilowerp1acentalmamnialttlhccerebral( 

eouhi bo found lietter c«lcubled to illuslrate hemispheres leave the proper upi>cr and pos><~ 

tbe tnitii that the structural diffurem.'es be- lerior I'm* of the corebollum completely vis- 

tweeo Btan and the highest Apo are of less i'llu, wht-n the biain is viewed from above, 

value than those between the highest and bul, in Ibe higher forms, tbe liiuiler part of 

the lower Apns. llian the hanil or tliu font, eitt'li hemisphme, sejiaraled oa\y by tbe tc" 

aad yet. perliiipj. there is une organ the lorium from the anterior face of the ce 

aiudy of which enforces the same conclasion bellura, ioclints backward and downward^ 

in n still more striking manner — and that is and grows out, as the so-called " posterior 

I the Brain. lobe, so aa at length to overlap and ludn 

I But before entering upin Ibe precise ques- Ihe cerebellum, lu all .UauimiiU each cere- 

tlon of the umouol of difference lietween the hral hemisphere contains a cavity whlcl^ 

Ape's brain and that of Man, it is ueuessary is Icrmeil the " ventricle," and as this ven. 

Uiat we should clearly understand what cnu- IricleisproloDgod, on Ibe one hand, forwanl. 

Btitutes a grc.tt. and what a tmnll, dlffurence and on llie other downwunl, inio t]io aui' 

in cerebral structure : an.l we nhall Xw. 1)(>st stance of tbe hemisphere, it is suid '--^^ 

enabled to do this by a biief siudy of tbe Int^o Iwu horns or " coiuiia," an " imlerloC 

chief modiflcaiions whi-h liiu liraiu t-ihibita coniu" uud a " descendiua ei>niu," Whra 

I* In the series of vertebiate nnimaU. tbe posterior lolie is well developeil, a Iblr^i 

I The brain of a flah is very small, compared prolungaiiun of the veniiicular cavity exlcniM 
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Kit, and is colled the "poBlerior coruu," 
V till! Inwcr and smaller forms of plorea 
^^^THammnia tlic surface of the cerebral 
Hemtsijlmves fs cither sinoolh or evenly 
toiiuiJeil, or exhlliils a very few ernovea. 
which iiro icehnieiilly tormed " sulci," sepn- 
(filing ridges or " coavnln lions" of Ihe siib- 
Eiancc of tbu brain ; and lilt- sniiillcr specieB 
of ftll orders teod to n simikr Etnoolbness of 
bralu. But in llic biglier orders, and especi- 
ally the larger members of Ihcsu orders, the 
Erooves. or sulci, bccfime extremely numer- 
ous, and llie iutcrmedinte con volutions pro- 
ponlonatply moi'e complicated In tiieir mean- 
norinKs. until, in Uic Elephant, the Porpoise, 
the lll^ihor Apes, aud 5Iuu. the cerebral sur- 
fW-'c appears a perfect tubyriutb of iciriuoits 
foldings. 

Wheie iipoHierior JnbccxiBls and presenis 
its cu.'dmiary cavity— lliL- poalerior curnu— it 
comiiiuuiy liujipcns ihut a pailiculor sulcus 
appcuri iipi^o lUe iaacr and under surfaue of 
Iho lobe, iianiliel wiili aud bi;nealh the floor 
of the toruir — which in. as it were, arched 
OTM the riiof of ihK GUltiu.'^. It la aa if the 

Cvo had been forinud by iudi'niiug the 
(if ilie poaivrior hiirn 1rtim without with 
B blunt inslrumenl. isO lliat I)ic Unor should 
raie as a couven eminence. Now this emi- 



nence is what has been termed llie " Hippo- 
campus minor." the" Hippocamriiia major" 
being a larger eminence in llio llour of ihe 
descending cornu. What msy Iw tlic func- 
tional importani^e of eilhcr uf lliest' GltUC- 
turcs wc know not. 



Lral I 






;,bya 



dily oi I 



tTlkiugexon^ 



bus proviJcd us, iu Ihu luiler iiuimaln- 
wiib an nlmont cumgili'le aeries of gradations 
from briiina lilllo liighur llinn that of a Ro- 
dent to brains lillli! lower than that of Mao. 
And it ia n renuirkable clrcninslnnce that 
though, BO far as our prcaont knowledge ex- 
tPDdj, there in one true stnielnral lireak In 
the aeries of forma of Biniina lirnins, this hia- 
tus does not lie betwetri Alan and the mao- 
like apes, but between the lower and the low- 
est Rmians ; or, in olher words, between Ibo 
old and now world apes and monkeys and 
the Lemurs. Erciy Lemur which has 3^1 
been examined, in fuel, has its cerebellum 

fmrtiaily visible from above, nod its posterior 
obo. with Ihe conlained posterior cornu and 
hippocampna minor, more orless ludimmt- 
ary. Every Marmoset. American monkey, 
old world inonkey. Babwn, or Manlike ap» 




dimjmnzie. 






I 
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« llR 



irirely 



Itiidiicii, poaipridily. Iiy iIib ccrciniil 

mill p(i8S<'sses a. large pnGltiior cornii, Willi a 

Tpll-developert liippociimpiia minor. 

In many of theie creatures, siii'li ns tho 
.Haimiri (ChrT/mihrix), the i;ertbrnl lobya ovtr- 
hp nnd extend much fnrlhbr Itcliind the 
Oeiclieliiim. in propuriion, llitm Ihey do in 
can it'ii;, IG): uud ii is quite curlain that, in 
tkll, ilie ci.-ri'bi;lliim is coiupleldy covered, be < 
hind Ijy well-ilev«li;pcd poilirriur tulies The 
""■U Ijj uvery imu ulin poB- 
orld 
noil 




but Ilia error must liecome patent 
liiniself if he try to repUre tho htuln witbiS: 
IhH nranitU chamber. Tu suppose that (lis 
cerebellum of nn ape ia naturally uucr>vurcdl 
behiiirl la a mlscfiutptehenBlrm campnnilil^' 
only in that of one who sliould imugriic Ibut 
II man's lungs nlways occupy lull n Btimll: 
purtiiiQ or Ihc ilrorHcip osivilv — bGCaiise Ihe^ 
do Fo wlirn the 'heat )a npeimd, and Ihciri 
einstieitv is no loti^i-r iii'ii I raliEt.il liy the pii 
HUiciifiheair, 

And [liu iTHir is the leas PXCUsnUc, sa 
must bi'i'ijin' tipiiwi'iil to every one who c 
iLniiiii'9 a M'eiiiin of Ihu skull of «ny b 
nliiii'i: II l.iinii', wiiliiiiii iulcinu the titnil 

H-. h.iiN,- :i iM-i ■ r t1 F'tr lliwi- is a ve. 



It of 1 



tw-i 



Uii: i'rr:-<>elliim. und 
a pieaalii^ upna " 



will be obvi- latter (*eu Hg, lU), 
iral ehanihcr. This gioivu, ilierefore. indicates Iho 1 

i.i the upe, an of sepaniiiiiii Iretwetii thai part of thecral 

iVLilapa the CHBl cavity which nuolaina the cembrura )uid tint 

Kprt^seotiog the which contains the coruhelluiu ; and u tb9 

If niao (Fig. 30). brain e.xaclly I1)U Ibe cavity of Ihe , skull, it 

iiii; that a sufD ia obvinus thai the relation of these twr 

lis proper ahape parts of the cianUl cavity at ones infarma tu. 

Ihe moincQt it is iitkea out of the ^kuU, may of llie lelatlons of ilieir contenta. Now la 

iadeed miitako Ihe imcnvered oriiHIiun ot man. in all Ibe old wuihl and in all Ihe i 

the cercbellnm of nn i -Mrnclcd iiml illsii.tied worll Bitniie, with one exception, when 

jHalo for ibG naluinl rclaliuns i.f ibL> Br.rls ■ fauu is directed lorwaiil tula line of attacbi* 
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Ef the tcDtonum. or impression for [be CLimpanKee's or tlie Orang's lirain run ha 

sinuB, us it is lecbniually culled, 19 stTuctuiAlIy distiuguiBlii'd Trum Mnn's, 

ndkrly liorisonlul, and Ilia cerebral chiiiiilwi- So far us cernbral Blruclmeaots, ibcirfore. 

invurlatil/ overlaps or prou'tls liuliind tlie it la dear tliHtMuDdK&iiEk'ssriomlliL'Cblm- 

£creL>c11ar i^hnmlier. ,1a ihe Howler Monkty, puuzou or the Orang IIiru tliese do vvvu from 

W MyrtU* (soti FIg.'lS), tho line iMasea ob- Ihe Monkeja, and (hat llii; i]ifleienee Iju. 

litjiiely u|)ward ~Qd liuekwnrd. and Ibe cere- iween ihe brains of Ihe CbimprniKec and of 

brill uverlHti ia ahnuKl ml : while in llie Ij<-- tihm la uInio()t insicnillcDnl, viXien eomparod 

mun. ELS iu Ihe lijwer mntnmiilD. [bu line ia with ihut between liio Chimpanzee UruiQ aoj 

much niwe indlneil in ihe suine direulian, thai of « Lemur. 

3Dd liic corclxillur I'biimlier piojccis cousid- It must not be oveilooked. however, that 

entl'ly Iwyrind tiie eerubiBl. there ia a very strlkiuK difference in fliisolute 

WlivQ Ihe giBVest erriira respueling poiols muss and weight belween Ihe loweel human 

M> euslly willed ns UiIh qiiesiinii respvoling brniniindlbatof tliehigb('«tnpi.-~-adiffeience 

the pohleriur lobos oau lie authorilalively which ia all Ibe mure remarkabU- when wa 

propbiinilvd, it ia no wondift Ihiit mailers of recolltttlhiiln full-grown Gorilla is pielmbly 

obwrvation o{ no veiy complex cburucler, prelly nently twice ashcavy asuBofjeamnn, 

liulMJIl rmuiring a certain utnouut of care, or ns many an European woman. Ilmaybe 

sliould have fared worse. Any onu who doubled whether a healthy hiimiiii adult 

cannot wi; tbe posterior lolm in an ape's brain ever wciabed less (lian tbirl^ one or 

V vuluuble two ounces, or that Ibe heaviest Ooiilla brain 

Vuu or lliu has exceeded twenty ounces. 

_.... _..nnot sec a Tbia ia a vciy noteworthy circuraslanco, 

>iis 10 lake hia opinion and doubtless will one day bt-tp to luriiUh an 

about ilfi altar-piece or painleil windnw-^so explanation of tho great gulf whieh Inier- 

Ihal I do nnl feel bpmid lo enter upon any vetita between the lowest man and the bijtii- 



likely t' 
opUiiiiii Tcspectini; [he poster 
hippocampus minor. If a n 
chuteb. it i.s prepostCFi 



m1( \ 



1. but content my- est 

under ibnt the postc 

iLicampus minor have • i fi'i iti'p to tpr 
,-. at least as well do- i,';"',^,:,';'''"*,,'!^?' 
od ofteu lietler— not inc liiiniiuMiiid ilic r 

Ihc Orang. and tbe 



iutcllcctua] power ; * but it has lit- 



vtbpcd as in niLiN. 

ciuly in ilin Chimpiin;,— , .... □ .- — 

Qiblion, but in till Ibu genurn of the old °°™ 



it of , 



In faci, all ihe abundant and iruBiworthv , 

eridsnce (aonalBiing of tbctesuliaot carefid i 

invest ignt ions directed to Iho dok-rminalinn ^ 

of these very questions by skilled anutn- , 

miflla) whieb we now possess leads lo tbi.- ^ 

eonvictioD lliat. so far from the posterior \ 

lob«. ihe posterior corou. and tbe blppocnm- , 



:r again asserted to be, even after the | 
publication of the clearest demonstration ol > 
the revernu, it is precisely Ibese structure,-. '• 
which arc tlie most maiked rerebral nbarai-- 



.■.\bil 






of the 



•peaeKbibil every stnt,-o of jirdgrfes. from Ibc- 
altnosl .'inoolb brain of tbe MarmoBet, lotho 
Oniii;; nnd the Cbiinpauxee, which fall but 

liltlu lickfW Man, And it is must rtmarka- tali 

ble Ibi.l. ixs Boon as nil the piineipai suiel ap- '^''}'- 

penr. ilic paitcrn accoiding lo which they are '"'1 

ainutgfd is identical with that of the curre- n .. 

upciHiling Bu!cL of man. Thcaurfaeeof tbe ' 

brain of a monkey exhibits a sort of skeleton \^"^ 

nap 11 1 man's, and in ihe man-like apes the e<<-\ 

di-lnila bfc<ime mote and more filled in, unlU fa.K 

it is only la minor ciiaraclers, such as the ?{.'^ 

■alion of tbe anleiiLr lobeB, the hgii 

. ,...!eDCO c,t lissuiCB ubually i.bsent ben 

I, and Ihe diffwenl dipponition imd ''^ 

- -' involuiioris, that iJip „i,o 



iiomh, orof ilie to 



J, there is ititTcron ■ 



H>ni«llili>gM 



i 



^VIDENCK AS TO MAN'S IM-ACE iS KArURJJ 



ByBteoju..!, raliie. for tha rimple reason be no juaiiflcalion tor placiug bin ^ 

that, na may lie riiHcluiled from wliat haa tinct order. 

bwQ already Kiiid respctillag cranial capaci- And thus \]te sagacinu3 foresight ol Ihg 

ty. llie liilturcncG iu wei^lit nf bruin bclweeo great lawgiver of systematic zoology, i>iii- 

Ibe liiglipst and Ills Imvcatiueu is far greater, dmus, Iwcumcs jualtfled, and a century of 

both rclullToly aiiJ alii^ulutuiy. than Ibat be- anatumical reeeai'Cli brings us bacic to ' 



twecn tlie lowtsl n 



OS and IK! n'lm-r-. I 
represenleii Iiy iiMi i' i 
ly,nrl.v0.1: J3v'l,: 
I matically. Itiu ci'trin 
I and apes are not if •■■ 
his family dislicctliii 
duntillou, his pelvis, 



mid [be highest ape. conclusion, that man Is a member of Ihq 

isrepreBentedby, Barae order (tiir whieh the Linniean term 

il Nitbsiauee abso- PaiMATea "ugiit to be retained) a' ' , _^^ 

y ; liiitnaihe lar- and Lenmr-i. Tliis orderis now divisible liiCtf 

wi'ii^lii^Tl between eevcn families, of about equal ajBtemalia 

iii<T itilTert'iico is value: ilie Hrsl, the AnTHROPua, containf. 

i iiLLMii'-; rilisnliile- Man aluna ; lliu second, the UATAUHmr, ( 

!, ■ .Lul'il pysle- braces lb'; old world apea i llie third, 

I iiinn Platyrhini. all new world opes, except tlitf 
Marmosets : Ibe fourth, Ibo Arctopithecisi^ 



I i'lKi] bin conlftiiis the Marmosets ; tbc fifth, llieLKMUi 

«i.T liim,^. BCJi, l!ie Lemurs— from which C/ieiTomjt 

should probably be excluded to form a sixQ 

Thus, whatever syatein of organs lie rtud- distinct family, rbe Cukiuomyini ; while tin 

ied. the comparison of tbcir munillcjUons in Herenlli. [bo GALt^upiTucctKi, contains onlx 

the ape acrica leads to one nud the sarao re- the flyinu; Lcinilr OaleopiOteeus — a Blranp' 

Bullr- that tbo structural differences wbich form which almost touches on the Bats, 

I separate Alan from the Gorilla and the Clilm- the OMiwni/ii puis on a Hodent clothing, ani 

[ panzco are nut so great as those whiab sepo- the Leuinra simulate Insuelivora. 

ntle tlio Gorilla from the lower apes. Perhaps no older of mammals prcsenis ui 

Hot in enunciating this important truth I with so cicliaordiuary a series of gradatiooi 

muxt guard myself against a form of misun- as this — leading ii? lLi!>t.'nsil)ly from (lie crowi 

ilcrslauding which ia very prevalent. I and summit of [lie animal creation dowii U 

<1nd, in fact, that tliose who undcavor to creatures from wbicli there ia but a step, oi 

iteacli what nature ao clearly shows us in this it seems, to the lowest, emallesC, and least in 

mnller ore liable lo have Iheir opiniona telligentof the placentalllammniia. It Isai 

misrepreBented and tlieir phraseology gjirbled if nature hcrseif had foreseen thearroganci 

until they seem to say that the structural of man, and with Itoman Ecrorily hadpro^ 

diffi^rcnce^ between man and even the hlgb- Tided that his intellect, by its very triiimpba, 

est apiis aru small aud insignificant. Let me should call into prominence the slaves, ad* 

take this o|)poi'<tinity then of distinctly as- monlsbing the conqueror that he ia but dust^ 
wrling, on Ihe uuuLrary, thnl they are great 

and signilii-'ant : limt every bone of a Gorilla These nro the chief facts, Ihis Ihe ImraBdi- 

beai'9 mitiks by whicli it mioiiit be distin- ate conclusion fram them lo which I ad< 

Xnialied from tlie currcapondiug bone of n verted in the comracnccment of ibis IGssny. 

man: and that, in tlii; pitaent citolioQ, at The facta, I believe, cannot 1h! disputed; 

any rale, uo iniurmudi'iiu link bridges over and if so, the CDncluaion appears to me to be 

lUc gap between Iliiitiii and Tivjlod;/le*. inevitable. 



It would be 
(ienyihu 



equally wroug and alis 
nguiiude. and. reeling 



init alisurd tr 



i>ng iTiau aiisurd to But it Man be acpnrated by no greater 

chasm; but it is at atruclunLl barrier from the brutes than Ihey 

:aEyeratQ are from one auolher — [hen it aeema to foFs 

^ . , „ aomittod low that if any proccBS of physical cauaalioo 

fact of its exlBteniie, <B refuse lo inquire can be discovered by which ibc genera r,ai 

whellier it is wldi; or narrow. Rfnuemiier. familiea of ordinary nnimala have l>ecn pr» 

it you ^?ill, that there is no existing liaii duced, that process of caueaiion if amplj^ 

btilwetn Man and llie Oorilta. but do not for- anfflcient to account for tlic origin of Man,, 

get thai there ia a no less sharp line of dc- In other n-orda, if it could be uhonn that tbo 

inmcaliou. a no less complete nliHcnce of any Marmosets, forexamplCj liavc arisen by grad- 

traiiailloaul form, between the Qorillaand the ual modUlcation of the oidinaiy Pinlyrhinii 

OiHug, or the Oraug aud the Gibbon. I say or that both Marmoscta and Platyihini an 

not less .i^harp, Uiougb it ia somewhat nar- modified ramifications of a primitive atock-^ 

rower. The atructiiral differeoces liclw-oun then there would be no rational ground foi 

Mao and the Manlike niKS certainly justify doubling that man miglit have originated ill 

our reifardlug him as cunstiluting a family the one case by the gradual modification ul 

a^art from iliem ; though inasmuch as he a man-like npe, er Fu the other case as i' 

differs less from them than Ihey do from ramiflciilinn of the same primilivu eloclcH 



other families of the same order, Iheru Ci 



those apES. 

At the present moment but one such pn 
cess of phyaicjJ '•iiusalion has any evident 
in its favor ; or, in other worda, tboru ia b» 
one hypolbesis rcgaiding llie origin o( iipi 
des of animals in genend which has any ao- 
cutiQc csialencc— that propounded by Ifr., 
Darwin. For Lamarck, basucious as many (rf 
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a yen:, miagled them tvlih so much long rs oqc link ia Ibo cUain of evidence |a 

IB crude, noU even absurd, as to neu- -wantiDs ; auil so InnR na all the animHiB and 

Icolize ibo licncflt wliicli Lis orisiuality mighr plimrs ceriiiialy produced bj- selective biccd- 

hftVC eflcctod liad ba been a more sober und ing from a. common slock nre fcrlile, end 



Otullous tUlnlier ; iiml tljougb I bnvc heflrd tbeir progeny arc ferlilo willi one nnnlher, 
ol iht) iinuoiiufynu'et if a formula luucliini; Ibni link irflf be ivanlirg. For, so long, sc- 
"llio ordniiiiid conlinunua hoooraiiig of or- Icclivo brceiiliip will not bo proved to lie; 

Sinic forma." It is oln'irjiis lb:it i[ is Hit first competent to d'l nil lliR'. is required of it to 
uty of a hv[ioiliFsis m lid intclliirililr, imd produce- noiurnl uprcicB. 
that a qua-i|ii!l-iir.'-:il jiNijpi uiiifiii of tbls I hnvc put ibis coccluslon as strongiy as 
kltuJ, wliiizb m;iy In' ii :li| lijiLwiiiil, or for- pfissible lirfoic ilie rtodcr, beenuso Ibu last 
ward, or 8ilJe■l^il; ,, wiili (\,l' ily ibu euiue posiliou in wbicli I w!sb In find mjEcIf ie 
amount ot siguiliiMlion, iln.-; tiui roally ex- tlint of an udvociilo for Mr. Darwin'B. or any 
tet, (hougl) It mny stem to iki an. oilier views — if by uu advccutB is meant onu 

At llie present moment, tiitrcfon.', tiic 'wbosc liuEintBs it is to Eraoolli over real difll. 
quesUoD of ilie irliiiiou <>F mini ui Ibu lower rullica, nnd to persuade vrbcre he cannot 
nnimnls resnives itself, in tlie '.vkI, into Ibu convince. 

lu^T qiieMlon of tbo lenability or untcna- In justicu to Mr.Darwla. Iiowever, it must 
kilityot Mr. Darwin's viewa. Jiut bcre ne bo udinilled lliat Ibo condilions of fertility 
eater upon dilHonlt ground, nnd It behooves and rteiility are very ill understood, and that 
us to (icfinu our exact position villi the every duy's advnnco in knonkdgc leads us 
greatest core. to rcgaid Ibe biatus in liis evidence ua of less 

it cannot be doubled, I ihinlf, that Mr. and less importance, wticn set agaioBt the 
Dvwin lias Entiefactorily proved tlmt what mullitodo of facts which harmonizu wilh. or 
lie [onns selection, or sefeciivc n\aiIificiition, receive an explanation from, liis doctrines, 
must ovcnr, and dues occur, in nature : and 1 adopt Ur. Darwin's IiypoCticsla, there- 
be has alao proved to siiperflnliy Ihal such fore, subject to iba production of proof that 
Belcctinn ia competent to produce forms as pbysiologicol spccica may be produced by se- 
dlaliuct, Blruclurally. as iwme gCDeni even Icclivc breeding ; Just as a pbysical philoso- 
oro. If liie animated world piescuied ua phcr may accept iho undulalory tlieory of 
with none but structural differeuces, I should light, subject lo ihc proof of llie cxlslencc of 
have no licsitation in saying tliut Mr, Darwin the hypuibclica! ether: or ns the chemist 
lias dcniooslrated Ibu exisleuce of a true adopts Ihc nloniic iLcory, subject to the 
phj'sicjil eaufe. amply competent lo account proof of llie existence of uiums ; and ft-r es- 
(or [lie ortyin of living speuica, and of man octly Ihc same reasons, namely, that it has 
among Ibe rest. an immense aniouot of primu facie prutmbil- 

Bol, inartdilion lollicir simcluial riislinc- ily; Ibut it is Ihe only means at present 
tioos, the species of animuUnml plants, or at wiihiu leucbof reducing tbe chaos of observ- 
tetetagrrat number of litem, I xluUitpliysio- ed fuels lu order; and, lastly, that it Is Ibo 
logical cbaracturs — what arc known as' rlis- most puwerful Insliument of investigation 
ttDCl ^pocies, siruclurully. being for the most which has been preecuted lo naturalists siqcb 
part tUlier ultogcHier incompelent to breed Iho invculion of the natural system of claaaU 
onewHh another; oritlbcy breed. ll;e result- flcation and Uie commencemenl of the sys- 
ing male, or liyliritl, is unable to perjietuate temntiu study of embryology. 
Llfl men with unolher bybtid of llie same But tven Icaviug Mr. Darwin's views 
kloil. aside, llie whole auaiocy of nniural opi'ra- 

Atruo pbyBical cause ia, however, uiimil- lions furnishes so complete nnd cruab lug an 
led in be such only on one coudilion — lliut it argument against the inlerveotlou nf any but 
iliiUI BtTount fur all llie phenomena wliicb what ore teimed secondary causes, in iLe 
Gumo within Ibe lungc of ils operailnn. If produciion of idl llio phenomena of ilie unl- 
it la [ni'Dm^istcntwiibanyonephcnomeDon, it verse, IhaT, in view or Iho inlimalc niiilions 
mtiRt liu rejoclcd ; If it fails lo explain nny betwiicn Man and the real of ilie living 
one phenomenon, it is so far weak, so far to worlil, and between the forces e\i-itiil by 
1)0 Kuspecicd, iliough it may have a perfect llio Intmr and all other forces, I can see no 
light Id etaim provisional iicctplnnce. i.*Konse for doubling Ibal all nre cc-oriliuiitt-d 

Kow Mr. I)arwin'3 bypolliisis is nut. so leimsot nature's great pnigreasion. from ihe 
for as 1 "m awiirr, iinMiisifiitiT wiih any formless to the formed— Irom theinorganit 
hnown liiiilogiciil fuel ; iiii ilic cnolmry, if lo the organic — from bbod force loconsiious 
Admitted, the facts of iiLvcloniniiii, uf C'-m- intellect and will. 

pimtlvc Anati'm\ . "i ' .'i :| :.' .il llistribu- 

lloo. nnd of I'iil i.i lonncct- Science has fulfilled her function wlii'n *.Iic 

nl tORtlber, fimf ■ .ii: such as had ii«:erlaiiieil and eooocialed Initb ; and 

Ihcy nuffei" pn?-:''-- • > ■' ■■:'i '■, lor one, wciu tlu^c piiges addresseil to meuot science 

un fully (.-c^uvioti'uiiiui A noi {.utt-i^ily irue, only. 1 hIi'HiIiI now close this Essay, bnowlng 
ifinl (lypoUKsis U as near an llppl■o^inlolion lliaL my colleagues have learned to respect 
tc iImi inith n?, for 4'xninplc. llie Copi'inicnn nothio'- but evidence, and to lielievc that 
'— ■' '- --? lo thu true theory of ihc iheir hiyhest duty Ilea in aubmitling lo it, 
Dna, however it may Jar against their inelinatioua. 

._r nil this, our ncccr'nnce ^f 'he Bin clcsirin!:. as I do, to reucli the wider 
linn hypolhesia muel bo provisional so circl-! of the inlelligcnt public, it would lie 



a 
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unworlliy cowardice were I to ignore the re- mother-love vile because a hen shows it, or 
pugnance with which the majority of my fidelity base because dogs possess it ? 
readers are likely to meet the conclusious to The common-sense of the mass of mankind 
which the most careful and conscientious will answer these questions without a mo- 
study I have been able to give to this matter ment's hesitation. Healthy humanity, find- 
has \xid mo. ing itself hard pressed to escape from real siu 
On all sides I shall hear the cry, " We are and degradation, will leave the brooding over 
mcMi jinil women, and not a mure better soit speculative pollution to the cynics and the 
of apes, a little longer in the leg, more com- rightous " overmuch," who, disagreeing in 
X»aci in the foot, and bigger in brain than everything else, unite in blind insensibility 
your hrutal Chimpanzees and Gorillas. The to the nobleness of the visible world, and in 
power of knowledge — the conscience of good inability to appieciate the grandeur of the 
and evil— the pitiful tenderness of human place Alan occupies therein, 
affections, raise us out of aU real fellowship Nay, more; thoughtful men, once escaped 
with the brutes, however closely they may from the blinding mfluences of traditional 
seem to approximate us." prejudice, wiit find in the lowly stock 
To this I can only reply that the exclama- whence man has sprung the best evidence 
tion would be most just, and would have my of the splendor of his capacities, and will 
own entire sympathy, if it were only rele- discern in his long progress through the Past 
vant. But it is not I who seek to base a reasonable ground of faith in his attainment 
Man's dignity upon his great toe, or insinuate of a nobler Future. 

thiU we are lost if an Ape has a hippucam- They will remember that in comparing 
pus minor. On the contrary, I have done civilized man with the animal world one ia 
my best to sweep away this vanity. I have as the Alpine traveller, who sees the moun- 
endeavored to show that no absolute struc- tains soaring into the sky, and can hardly 
tural line of demarcation, wider than that discern where the deep-shadowed crags ana 
\)etween the animals which immctliately sue- roseate peaks end, and where the clouds of 
coed us in the S(?ale, can be drawn between heaven begin. Surely the awe-struck voy- 
Uie animal world and ourselves ; and I may ager may be excused if at first ho refuses to 
add the expression of my belief that the at- believe the geologist, who tells him that 
tempt to draw a physical distinction is these glorious masses are, after all, the hard- 
cqudly futile, and that even the highest fac- ened mud of primeval seas, or the cookc! 
ulties of feeling and of intellect begin to ger- slag of subterranean furnaces— of one sub- 
minate in lower forms of life. At the same stance with the dullest clay, but raised by in- 
time no one is more strongly convinced than ward forces to that place of proud and seem- 
I am of the vasLness of the gulf between civ- in^y inaccessible glory, 
ilized man and the brutes ; or is more cer- But the geologist is right ; and due reflec- 
tain that wimihcv from them or not, he is as- tion on his teachings, instead of diminishing 
suredly not 6>/ them. No one is less disposed our reverence and our wonder, adds all the 
to think lightly of the present dignity, or force of intellectual sublimity to the nrore 
despairingly of the future hopes, ot'the only aesthetic intuition of the uninstrucled be- 
consciously intelligent denizen of this woiidf. holder. 

We are Indeed told by those who assume And after passion and prejudice have died 

authority in these matters that the two sets away, the same result will attend ihe teach- 

of opinions are incompatible, and that the ings of the naturalist respecting that gieat 

belief in the unity of origin of man and Alps and Andes of the living world — Man. 

brutes involves the brululization and degra- Ourreverenceforthenobility of manhood will 

dation of the former. But is this really so? not be lessened by the knowledge that Man 

Could not a sensii>le child confute, by obvi- is, in substance and in structure, one with the 

ous arguments, the shallow rhetoricians who brutes ; for he alone possesses the marvellous 

would force this conclusion upon us? Is it endowment of intelligible and lational speech 

indeed true that the Poet, or the Philoso- whereby, in the secular period of his exist- 

pher, or the Artist whose genius is the glory ence, he has slowly accumulated and organ- 

oi his age, is degraded from his high estate ized the experience which is almost wholly 

by the undoubted historical probability, not lost with the cessation of every individual 

to say certJiinty, that he is the direct descend- life in other animals ; so that now he stands 

nnt of some naked and bestial savage, whose raised upon it as on a mountain-top. far above 

inielligence was just sufficient to make him the level of his humble fellows, and transfig- 

a little more cunning than the Fox, and by ured from his grosser nature by reflecting, 

so much more dangerous than the Tiger? here and there, a ray from the mfinite source 

Or is he bound to howl and grovel on all of truth, 
fours because of the wholly unguesiionable 

fact that he was once an egg, which no or- '^ succrNCT history op the controveiist 
dinaiy power of discrimination could dis- respecting the cerebral structure 
tingui.^h from that of a Dog? Or is the ^^ ^^N and the apes. 
philanihrnpist or the saint to give up his Up to the year 1857 all anatomists of author- 
endeavors to Iciid a noble life "because the Ity, who had occupied themselves with* the 
simple.-t study of nuiii's nature reveals, at its <•( rebral structure of the Apes — Cuvier, 
foundations, all the selfish passions and fierce Tiedemann, Sandifort, Vrolik, Isidore G. St. 
ppetites of the nieust ijuadrupeil ? I« Hilaire, Schroeder van derKolk, Qratiolet — 
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■gtetKl that Ihe brain of [bo Ape po9- flat u cnnirndicUan oC ilie claclrinee current 
. . — ._ — ell-iDroimtd n-"" — '-'~ - ' ' 



Tii^rm^iim. in 183S. Ilf iired noil ni'kiiowl- uuituluiiilly. imaginiti|r Ihiil tbc di^libtrali; 

eigtal in ilie text ol Wn " lonni^s" ibe exist- stultmtjiiiii ufn responsible pcrEo a must have 

eOPO of till.' POSTemoiL cohku of :ho bilcral s'jmi; fuundnlina in latt, 1 deemeil it my 

iVDlrlcle In thii A^ct, ant nnlj under llie duty to iDveatignto llie subject anew licfoie 

title of "ScrnbiculiiBpiirvus loiociiruu poe- Ihe llnic at which it would homy business 1o 

lerioris"- -a fnct wliicli hag l>een par«ded — lecture thertupon came rcund. Tlie nault 

liutiu"cainu poslurUis" (IcoDi-s, p. S4). n of ray inqiiu'ii.'HwaslapraiulliiLtMr. Owen's 

drciimstitnee which biks been aa scauloutly three asHerlions— ibot " llie third lobe, llie 

kept in Uie background. pcsleriarborn of the Inteial vcoulcle, and the 

CUTiei [Lefons, T, iii, p. 103} says : " The Iiippocampus minor," are " peculiar lo llie 

a&tetiM or lateral TentrlcW pos.'^css adifrital genus Homo"—iiv\i contrary to ibo ptaincst 

Gsvlljp [poHlerior comu] only in Man BBd the facts. I cammunicated tliis couclusiiin lo 

Ap^. . . . Its presence depends on that of the ttudenls of ray class ; and then, having 

tbe posterior lobes." no desire to emtiaik in a ccntroveisy which 

Scliroeder van der Kolk, and Vrolik, and could not redound lo the honor of British 

Gmtiotet, Lad also figured and described tlio sciencCj whatever its issue, 1 turned to more 

Bsteiioi cornu in various Apes. As to Ihs congenial occupations. 
[Fi-ncAiiPus uiKoit, Tiedemnnn had erro- Tiie time spt'edily arrived, however, whoi 

ocously asserted its atisencc' iu fho Apes ; a pereisteciee iu this reticence would bave 

but Scliroeder van dcr Kolk and Vrolik had involved me in an unworthy paltering wiifc 

ptaoted out the existence of wliat they con- truth. 

•fderetl n rudimentary cno in tho Chirapan- At Ihe meeliaff of lUc British Aasocintion 

BCG, nnd Gratiolet had expressly nfBrmed its at Oxford, in 1800. Professor Onett lepeateri 

cxiBtcDcc iu these suimala. Such was the tlit-se fts.sciIionH in my piescncc, and of 

■talc of iinr iufoimatioD on ttacBo subjects in course I immediately gavethemadiiect sad 

Ibe year 1850. unqualified cuu trad id ion, pledging myself to 

Iiitbojeiirl857,bowever,Profe6sorOwea. JuetiFy that iinnminl procedure elsewhere. 

dtherin if^oranceof these well-known facts I redeemetl Ih^t pledge by publislilng, In the 

or doc unjustifiably suppressing them, sub- January number of the yatUToi HitUrr^ 

milled to the Linnsean Society a paper" On Reviea for IS'll, an iiitlele wiierein tbe truth 

tho Characters, Principles of Division, and of the three following proposilions wiis fully 

Primary Groups of the Class Mammalia," demonstniteil. 

wbicli was printed in the Soriety's Journal, " 1. That the third lobe is neither peculiar 

and ci'ulnius Ibc following passage; "In to nor characteristic of man, seeing that it 

}5xa the brain presents an ascensive step in exists in nil tbe biglier ifuadrumana. 
development, higher and more stroogly mark' " 3. "That llie jxiaterior comuoF the lateral 

ed tliBii tbatby which the preceding sub class ventricle is neither peculiar to norchaiacter- 

waa distinguished from the one below it. islic of man. inasmuch as it also exists in 

Not only do Ihe cerebral hemisphereB overlap the liiglier quadrumana. 
Ibe Olfactory lohca and cerelwllum, but ibey ■■ 3. Tiiat llie hippoeaiaua m/noi- is neither 

exlepd in advance of tbe one and farther peculiar In nor characteristic of man, as it 

back than tbe otlier. The posterior develop- is found in ciTtaJn of the higlier quadru- 

roeal is sumaiked Ibnt anatomists liavir as- nuina." 

siened lo llial part the eharacttr of a third Furthermore, this paper contains the foU 

lobe ; t' t« j^euliar lo thi geaui Homo. anA lowing paragraph. 

r^tml/u pfcnliar it IIm pmterior horn, of the "And, la'^tly, Schroeder van dcr Kolk and 

Uilenu tftilrii-U and Ike " /lippeeaiiipun minor" Vrolik (op. cil. p. 371), though they particu- 

«/ueh flinriicterae t!t« /and lebe of each fiani- iarly note that ' the lateral ventricle is dia- 

nkere." — Jinimal of (lie Piviceediiiyii of Vu tinguished from that of Man by llio very de- 

Ibimtan Soeietj/, Vol. ii., p. 19. fective proportions of tbe posterior cornu. 

As Ibe eseny in which this passage Eland* wherein uoly a stripe is visible as an indicn- 

httJ DO IcsB nmbitious an uira iliuu the re- Uon of the hippocampus minor," yet tho 

modelling of the classification oF Ihc Mam- Figure 4, in tlieir second plate, shows Ibnt 

malia. its author might be suppesed to bava this posterior cornu is ft perfectly dlsiinot 

wiitl(-n under a sense of iieculiiir responsl' and unmistakable structure, quite as larco 

liilllr, nnd to bavotestei^, with especial care, as it often is in Man. It is tbe mrircrcmnrk' 

tbe klalements he ventured to promulgate able that I^ofcssor Owen should bave over- 

AdiI even if ibis be expccliog too much, looked the explicit statement and figuro of 

hullni^BS or want of opportunity for due de- tbese authors, aa it Is quite obvious, on com- 

iibtraf ioii cannot cow be pleaded iu exien- parison of tbe figures, that bis wood-cut of 

DHil'iri r>r liny shortcomings ; for the propo- tbe brain o[ a Culmpunzee (I. c. p. 10) is u 

•iiii.ua iiii'ii were repeated two years after- reduced copy of (hn second figure of Messrs. 

. H.'ftde Lecture, delivered before Schroudcr van der Kolk and VroUk's first 

ily as the Utiiversity of Cam- plate. 

■y. " As M. Gratiolet (1. c. p. 18), however, is 

.(■ FLiiseitioiiB which I have ilall- caret ul to remark, ' unfortunately the brain 

m 111C tibove extract first came under which they have taken as a model was 

aticu I was not a little usluirishetl at so greully aUcred (profonduaveKl, u.^^v».tL^. 
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rehenee the general ronn of the brain ia given 
in liiese pliles in a manner wliicl) ia •Ito- 
golliiir incorrect." IndoeJ, it is perfectly ob- 
vinus, from a comparison of a section of the 
skull (if Ilie ChiinpftDKea 'wiih tlieso figures, 
tbnt such h the ca^e : nail It h greatly to bo 
regrclleil that so inadequate a. tt^urc should 
liHVe beea inkca as n tjpiokl leprcscntattoii 
of the Chimpanzee's bruin." 

From this limo forth IIjb iialcnahiiiiy of 
his pnsitioD might have bcea hs apparent to 
I'roFesaur Owen as it was ti> every one else ; 
but, so far from retracting the grave errors 
into whLch be had fallen, Prottssor Owen 
has persisted in and rpiterated them ; first, 
!■ 8 lecture delivered liefore tlio Ruy.il Insii- 
tulion on the IBth of March, 1801, which is 
admitted to have been accurately reproduced 
in tbe Athenmitnt fur tlie 23A of tlio sumc 
monlh. In a letter nildrcssed by Professor 
Owen to that juurnil on the 30tU of March. 
Tbe Alhen/eum report was accompanied by a 
diagram purporting to represent ii Gorlttn's 
bnuu, but in reality so extraordinary n ini-t- 
representation ilial Professor Owen >inbsiar.- 
tlally, thoujjhiiot cspliciilv, witNdrawa it in 
the letter in question. In amending thiu 
error, however, Profeaaitr Owen fell int. 
ODottiGr of tuuch graver imp.iri, aa his com- 
muDicsliou coQcrudea wllh lite foiloniaj 
paragraph : " For the true propnrlion iu 
'nliich ilie cerebnim covers the cL'rcljellum 
ia the highest Apes, refi-rence siiould be 
made to the figure of the iindiaHCcteii bnuu 
of the Chimpanzee in my ' Iteide's Lecturo 
on tlis ClnssiScnlion, etc., of the Mammalia,' 
p. 25, Pig. 7, 8vo. ISS-i." 

It woiJd not be cretlible, if it wore not un- 
fbnuaalelj True, that this figure, (o which 
the trusting public is referred, without a 
word of qiialifioalioQ, " for the truu propor- 
tion in vrbich tbe cerebrum corera the cera- 
bellum in the liiebeat Apes," is exactly that 
■unacknowledged copy of Schroeder van dor 
Kolk and Vrolik's figure whose utter inac- 
curacy had been poinied out years before by 
Omtiolet, and bad been brought to Professor 
Owen's knowledge by myself in (lie paseogo 
of my urilcle in ttie JfalunU HUlory SevUio 
tbovu quoiL-d. 

I drew public attention to this clrcuiri' 
atancc agnin in my reply to Professor Owen, 

Sdblisbed in Ihe AlkeiiiEum for April 13tb. 
361 : but IbecxplodeUHguro was reproduced 
once more by Professor Owen, wiUiout the 
Bligttest allusion to its inaccuracy, in the 
Annals of Natural Hittari/ for June, 1681 ! 

Tliia proved li>o much for the patience of 
the original aulhors of the ficure, Messrs. 
Schroeder van di'v liolk oud Vcolik. who, in 
a note nddresf^i'il to the Academy of Ameter- 
dam. of which tliey were meuihera, declared 
themselves i,i be, though decided opponents 
of all forms of the ilotlrinu of progreesivc 
devciOpmeiit. abuvo all things lovers of 
truth : and that, therefore, ut whatever risk 
of seemmg to lend support lo views which 
, they dialikeil, they feK it ihelrdulyto take 
LAe first opportunity of publicly repudiating 
PcofesMrO wen's misuse of their authorily. 



In tills note they frankly edmitted the jus- 
tice of the criticisms of M. Oraliolct, quoted 
above, and theyillustrated. by now and care- 
ful figures, the pOBlcrior lobe, the posterior 
cornu, and the hippocampus minor of Ibc 
Oraag. FurlhcrTnore, having demonstral^t 
the parts, at one of the sitlinj^ of tbo Acad- 
emy, they add, " la presence des parties con- 
teslCea y a 6l« universellement " 



prts. 



B it la 



seul ilouic (jiii soil rcsle se rupporli 
Hippocampi minor. ... A t'eiat 
I'indioe du pclit pied d'Hippccompe 
plus proDonce que muintenanl " 

Professor Oweu teptated his erroi 

assertions at tlie meeting of the British Aau- 
ciatiun in ISOI, and again, without BJiy olivi- 
ous necessity, and without adducing a stngjo 



from original dissections of nuiRerous Apes' 
brains, which bad in the mean while twea 
brought forward by Professor Rolleston,* 
F.lCS., Mr. Marshall, tF.R.8.. Mr. Flower, J 
Mr. Turner, g and myself.lrevivedlhesabjeci 
at the Cambridge meeting of the same amy 
in ISeS. Not content with the tolerably rig- 
orous repudiation which these unprecedenteo 
g;oceediags met wiia in Section D, Professor 
wen sanctioned the publicatioa of a ver- 
sion of bis own statements, acpompanied by 
a strange misrepresentation of mine (as may 
be seen by comparison of the Times' report 
of the dlsbus^on), in the Uttrdical TVmea for 
October lllb, 1802. I subjoin the conclu- 
sion of my reply in the same journal for Oc- 
toltcr 2Slh : 

" If this were a qucstir: of opinion, or n 
question of Inlerpretallt ii of parts or of 
terms — were it even a question of observa- 
tion, Inwhichlhelcsllmoiiyof myown sensts 
alone was pitted against that of auntber per- 
son, I should adopt a very different tone in 
discussing this matter. I should, in all 
humility, admit the likelihood of having 
myself erred In judgment, failed in knoWU 
edge, or been blinded by prejudice. 

"But no one pretends now that Ihe contro- 
versy is ono of lerma or of opinions. Hovel 
nnd devoid of authority as some of Professor' 
Owen's proposed definitions Inay have linen, 
they might benccepted w i than t changing tbo 
great features of tbe case. Hence, tltmigli. 
special invesligations into these matters liaVfl ' 
been undertaken during the la^t two years 
by Dr, Allen Thomson, by I)r. Holleslon, 
by Mr. Marshall, and by Sir. Flnwer, all." its 
you are aware, anatomists of repute in this 
country, and by Professors Scnnicder van. 
der Kolk and Vrolik (whom Professor Owen 
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IncaatiouBly tried to press into bi^ own ser- iraj facta of the cnse, and an exuegeratlon 

vjct!) on theCoDtiucDt, aUtheseableand c^on- of I'lU conclusions fairly deducilue frnc^ 

Bcientious obacrvera have with one accord tbem, iirepoiots ofgruveimportanee, but [n- 

icsiifiedtotlieaccurocyof mjBlntcmeDls, and to Ibe diKcussiou of wliich I do not. al t'i''>- 

lolheutier baselessness of the nsserl ions of cnt, propose lo enter. II:s;iioug:b tbat eucIi' 

ProfescOf Owen. Even the venerable Bn- a view of Ihe relations of extinct !o liVinj;' 

dolpb Wnguer, whom no man will accuse of bein^ Las been propounded, to lend us iii 

ptciCTessional procIiTities, bus raiseiiliis voice inquire, wllh nnxiety, how far the recent liis- , 

on Uie same side ; wliil'! not a sinjrio unalo- coventn of buman remains in a foaaU stale 

mlat, great or small, iioBsupporteilProfesaoI bear out, or tippoee, that view. ' 

Owen. I sball confine myself, in diecussinj; lliis 

"Nowl do ^ot mi'snloMiugegilbntscien- question, lotboscfrngmeDlary Humau kIiuIIs 

tiBc difforencoanliould licHeuTedbyuniversal from tbu enves of Eogls iu. tbc vallej of i!i<r 

EulTTBee, but I do conocivu Unit siiliil proofs Mcuse. in Belgium, and ot the Kcaudtr^lial 

mufll Ue met by something more limn empty nea,r Dilsseldorf. Ibu geolngical TOlKliono tf 

unil unsupported aaeeitiouE, Vctduring tlie which have been examlnid with so i&uch 

two years through wbicli liji!i preposterous cure by Sir Charles Lyell upon whose high' 

controvorsy has dtaiiged iis Wtary length, authority I shall take it fw granted lb« tlie 

Profeeeor Ow«n has not ventured lo bring Rngis alcuU belonged to a contemporary of' 

forward & single prpparallon in support iif the Mammoth {Sofphtu :i>rtmigmiu») and of ' 

his often-repeated assertions. the woolly libinoceroe {Bhiisfrtntt U'dior/ti-' 

" The case siande thus, llitreforc : Ifot n^, wiLli Uic bones of which it was found 

only xro the statements mode by me in con- BSBOoiatcd ; and lliul the Neanderthal skull'; 

Bonauce with the doctriues of liie best older ia of griat, though uneei'lnin. antiauiiy. 

aiUliorlties, and with lliosc of all recent in- Whatever bo Ihe jri'ologic^l ogu of ilic latter 

TCB^gittoiB, but I am quite ready tn demon- ekull, 1 onccive ii Is quite safe (on the ordi- ' 

Kintte them on the first monkey that comes nary principlej of pnleontological reaaoniag) 

to hand ; wliile Professor Owen's at^serlions to assume that the former lakes us iii. ii>, 

are not only in diametriCBl opjiOBition to ieaat, Ihe further side of the vague Ijinlogimi 

Iwlli old and new authorities, hut ho hss limit which scparulea the preaoul gcu1ii>;i<Mi 

not prod nc":), and, I will add, cannot pro- epoch from that which immediately preuedmi' 

ducc, a si:,^ preparation which justilies it. Anmhero can lie no doubltbattbe phys- 

Ihcto." ical geography of Europu has Cliuaged 

I norr !cave tbia subject for the present. wontI»'fully siu'.'u the bones of Men and 

Far tht- credit of mycalliug 1 should bc^lad UaminoUis. Hyenas and Rhinucei'oscs wwu' 

to bp, hereafter, forever si lent upon it. But, washed pull-mL'll into the cave of Engis. 
unfortunately, this is a matter upon ivhlcb, 

after all that has occurred, no mistake or The skull from (he caveof Eogia wasorig- 

confuaiou of terms is possible— and in ufHrm- inaliy discover eil by Professor Schmerling, 

ing that the posterior lobe, the posterior and wiis described br him, together with 

comu. aud the hippocampus minor exist In other human remains di^nterrcd at the same 

certnin Apes. I am stating either that which time, in his valoabje work, " Heclierchea sm' 

Is true or that which 1 must know to be les ossemens fatsilcs ducouverlK dans les 

f^se. The question has thus become one of cavcrneadela Province de Liege," published 

personal veracity. Formyself, I will accept in 1833 (p. OB, ee leq.). from which the fol- 

no other issue than this, grave as ft is, to the lowing paragraphs am extracted, the precise 

}.TCiient controven^y. espiessiuns of tlio author being, as far an 

jjj possible, pi'cserved : 

" In the first place I must remark that 

«K SOME FOSSIL REMAIKB Of lUK. tf^^^ Uuman remains, wlilch are in my pos- 

I UAVK endeavored to show, in the prcced session, are charncteclzed. like the tliousands 

lag essay, that the Asthrotiki. or Man of bones which 1 have lately been dislnter- 

Eotnily, form a very well defined group of ring, by the extent of tlio decomposition 

the PArnatcs, between which aud the imme- which they have undergone, which is pre- 

dlntcly followmg Family, the Catarqik:, cisely the same as that of Ihe estinet species : 

IbMo is, in the exisllng world, the same en- ^n^ ^nh a few exceptions, are broken ; somo 

tlle atjsi'oce of any tmnsilionpl form or con- few are rounded, as is frequently found to be 

nectiog link, as between the CATAiinisi and the case in fossil remaina of other species. 

PLAnrBHiRi. Tlie fractures are vertical or oblique ; none 

It b a commonly received doctrine, how- of them are eroded ; their color does not 

ever, thai the Blruclural intervals between dJIYer from that of other fossil lmni;s, and 

lk« various existln_g modifications of organic varies from wiiitish yellow to blackish. AM 

Ixingamayliediminishedorevenoblileratcd. are lighter than recent bones, Iwilh Iho e.x- 

if vie take inlo account the long and varied ception of those which have a calcareous in- 

succesaicm of unimuls and plants which have crustalion, and the cnvilies of wiiich art 

preceded those now hving, and which aro fiijcd with such mailer. 

Known to usouly bylhulrfossiiiiicdiemains. "The cranium whiclil have caused to l": 

How far tJiia doclrme is well based, how flimred, Plate I. Pigs. 1, 3. is that of an old 

far, on the oUier hand, as our knowledge at person.' The sutures iwo twywi™,^ v^ \it 

(inacnt sliinds, it is an overataiemeni of the eiTa.;ed ; all l\ie ?adai ^»™s ■»"• -""■'^■' 
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and of the temporal bones only a fragment 
of that of tliu ri^ht aide is preserFetl. 

" Tlio face nnil thcbase of lUe cranium lii«i 
lieen detached bofoni tbo »kuU woa depuaited 
ia the eave, for wcwere unuble to Qnd tliase 

!mrl3 though the whole cavern was regular- 
y scarclitd. The cranium waa met with nt 
n depth of a metro and a half [five feet neai- 
lyJ.hiddcQ under an o«aeous broccia. com- 
posL'd of the remaloa of small tinimals, and 
containing one rhinoceros tusk, witli sos- 
eral teeth of hoi^es and of ruminanU. This 
breccia, which has been spoken ot ahnva [p. 
81), wasa melro [3i feet about] wide, and rose 
lo the lielght of u metre and a lialf above the 
floor of the cavern, to the walla of wliich it 
Adhered etrungiy. 

" Tlie earth which ocntaioed Ihla liuiaan 
■kull exhibited DO trace of difilurliance ; teeth 
of rhinoceros, horse, hyena, and bear, sur- 
Tounded It oo all Hides, 

"The famous Biuuienbnch" has directed 
attention to the diffureucwi presumed by iho 
form and the dimenniona of liumao crania ot 
differeut racas. This important worlt would 
have assisted us greatly it the fooe, a part 
essential for the determination oE race, with 
more or lesa accuracy, had iiot been wanting 
:n cur fossil cranium. 

■' Wo 8«j convinced tliat esen if the skull 
isdbecn complete, it would not havo been 
poBslble to ptonnuncc, wilh ceilainty, upi 
a singla specimen ; for individual vaiialions 
Ke.80 numer&us in the crania of one and tho 
" L one cannot, without lajinft 



one's self open to large ch-uL-ca oT «.uc. anv 
any inferi-nce from u siiigie fmsmoni of «- 
cranium to Ihc yeoeral form of th? bead Ul 
nhich It belong^. 

" Nevertheless, in order lo neflpcl no poiat 
reBpeGtioH; Hie form of this fossil skull, wo 
may observe that, from the first, the elon- 
gated and uarrow form of tlie forehead at- 
tracted our atteolion, 

" In fact, the alight elevation of the frontal, 
its narrowness, and the form of the orL'it, 
approximate it more neatly lo the craniuu 
of aa Klhiopiun than to that of an Euro- 
pean : the elongated form and the prnduced 
occiput are also characters which we %^ 
llevo to be observable in our fossil cranium;. 
but to remove all doubt upon that subject 1' 
have caused Ihe contours of the cranium o| 
an European and of nn Ethiopian to be drawn 
and Uie foreheads represented. Plate U., 
Fiaa. 1 and 3, and, in llie same plate, Figs. 3 
and 4. will render the differences easily dis 
tiaguisiiable ; and a single glance at Ihe flg- 
urea will 1)q mote inatruclive than a long 
and wcariaoine description. 

■'Ai whatever conclusion we may orrii 
to the origin of the man from whence thiA 
fossil sknli proceeded, we may e.^pieai aa- 
opinion without exposing ourseiveB to h ErniK 
lesii controversy. Eacli may adopt the hy-' 
polhtsis which seems lo him most prohahh?:. 
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_. -,-,n jmrl, 1 lioH il m lie (it-moii- 
pi\ tliiit iliis cranium Iibb liel<>uiie<l W a. 
il lilDlled intellectual iHcutliea, iind 
NicludH [hence tliat it belonged to nmnn 
r d^K^tiB ot ciTilixatioii ; n deduction 
Jl ii boms out by catitrastliig the capac- 
H the froni&l with that of the occipital 



indivldnal 



eavered iu the tinor of the cnvera be- 

a tontli of an elnphanl ; lUe skull wxb 

1. but tlia innmcnt it was 

__ .jS U fell iuto pieces, which I have not, bs 

""jftl, bt-cn ablti to put togf lUer ngain. But ! 

IiATe ri?) ri^fnted tlie Wiiitv of th^ upper jaw, 

. vf Jata I.. Fig. a. TheatKte nf tliealvenliand 

"~ rth eliowa tliMt the molara bnrl not yet 

d tlieguni. DetHched milk molurs and 

I'lr^menia or a hinnnii nkult proceed 

■"' eplHM. Tim Flffura 8 rapre- 

an Biiptrinr iocifor lootb, lUe 
BTwtlidl is Truly* reuiarhnble, 
leimi iaa (rtijiuientof BBiiperiorinaK- 
'(r leeib o( whicU iire 

tQlirn*. n Grat and last 

.viclenflho left kLJp (wo PlntR III., 
Tin. 1 ) : n1tboui;li it bHintiiceil tn a yotina iu- 
"4lTiduKl, ih)s bont) BbawH ih#t liu iiiust have 
i«( grtMi etttiurc. 
■—» fr»gmpiiisof thn fBdiiiB, linilly pre- 










leiBbt 



icefdud Ave 
idnbalt. 

lliereinftlnaot thmippi'reitreiiittieB, 
which an ill nir poxdi-SBiiin <-oni>iat 
if a fragnmat nf mi uIuh, uud at a 
(Plate III.. rn's.n ami «). 
l«>8. Plate IV.. r^p.H-fnta a melnc«r. 
), eouUiocd iu ilie bri'uia, of wliicU 
■pnki'n ; it wna lourid in tlii: lower 



pbAVB like crmilu 

HTpnl bnneK liiuL 
^.lialfudnz'tin 
if thelmml nnd 
•■ThisianbriefHiumem 
of hnmnn Imnea ccllecteil 
EniTB, whkh ban preeeri-M fur im Tbo re. 
inalDB of thti-B individuals furnmndeU by 
UloM of the Eli^phant. of tbeH)ilnoc>-r'>B. mid 
of Carnivora of apeeiu!! niiknoivn iu Ibe prts- 



nt very dlffurent 
tatarsals. three pntt' 
leoflhe f'Ol. 

Ill the ti-maiiiH 



From the cave of Engiliniil, opposiTn that 
ol Engis, on tho riirht liank of cbe Meuse, 
SehmFTlIng oblaiaed the remalnB ol tbr«« 
tFtlter indlvidiiaU of Man, aiiionj: wliicli nerf 
onljf tw[> Iragmuntti of parieWl bonH", but 
man; ti<m«ior the extr-niitisB. In one cnse 
a broken frai;iiient of an uina was soldered to 
a llbe fra{>'<ieut of a rudiiia by sUluf^iiB. a 
CimdH'on frBquBnlly oliBBri''u] anian;r the 
boiiRs of the Cavn Btfur { Uriui gpeliEue). found 
Id ills BcI;;iRn caverns. 

It was In tltecavrrnof Engis tlml Profps- 
•or Sclimirling found, iacrusted witb i^ralau-- 
r^le and ji^io^ to a i,t'>DD, the ^minted lione 
'upliMneal. which lie baa ligure>i in Fig, 7 of 
Ilia Plate XXXVL, and worked HiiiiB ware 
foimd bjr hloi in nil those Bcl^'iuu cavea, 



wlileb ouutiiined iin nbiinduncQ of foEsil 

A short letter from M.dpoffmy St, Hilaire, 
poblislied in Iha "Coniples ile'ndus of ih« 
Academy of BdenoM of Paris" for July 26, 
18S8, Bpeaka of a visit (and npparently ■ 
very hasty une) paid to the collection of Pro- 
feHsor " tocher mi <tt" (wliicli ia-preeoniably a 
misprint for Scbmerlioc) iit Liegs. The wri- 
ter brii-fty crillci'ps the draivings whioh 
illustrnto Schintsrl inn's work, and alBnaa 
that the "iiuroan cranium is a IIHIb long- 
er than it ij rfprt^ented" in Schicer- 
ling'a Aciire, Tlie i>iily otlitr remark 
ivorih quilling iB ihiu: ■'The ll^■|>ect »f the 
human Uunes dilTcra liilie fniin that of ibe 
CDVe bimes, with which vrt are familiar, 
and of wiilcli ttiera is a conBi<l<-nib1e coIIbs- 
lion in tlie nimo place. With respect to 
their si>eciHl fuima, ci>ni|iBreil wirli ihosa of 
the vaneties of recent huiiinncratiia, lewwr- 
taia coiiclusioiifl cnii Im put torward; fur 
inueh nrrattT difffn-nces ejir-t between iha 
(lifTiirant Bpecinieni' of weU-diaracterlKed va- 
rluties Iban tietween tiio f4«iiil cranium of 
Li6ge, and thai of on<> of ihoae vUTjt^iFaae)^ct- 

(imffroy St. Hilhire-tf m'narka aro, it iiill 
l>8 observed, liltli' l"it mi eclin of tim pliilo- 
fophic dijubta of ibi' ne.-cihi'rend diwWvi'rer 
<'f tile remainii. A* To iIih critique U|<nn 
Sclimerling'a liirurHi, I find that Ihe Bida 
view given l>yllie lat'er i» TenUy niinutt',,lbs 
of Bnlnclisbonertban tbeorigluol, mid ibat 
the fTJut view Is diminisbeil in ul out the 
»nme extent. OlIierMlMi the repri-neiitatiiiu 

spnnds ver.v ivell with the cast which is in 
my p. BseBsion. 

A pi^cu of lb" orcitiltiil b^no. nbloh 
Schiuerllng aeetim to have nitased. has alnca 
iMvn titted on in the ri-ft of the craniuw-by < 
nn HCcoinplished anatomist, Dr. S|iring of ' 
l.l?ge. under whnne dlivciion an eECfllml 
plRBter cast wa» nuidi' for Sir Charles Lyell. 
It is upon and from ii doplicnte of that cast 
that uiy own obeervai iij|i« and the nccoitf- 
panjinff figures, the ou'llnes of which ara 
copied t'lom tlie vrry accurate cnmera lucida 
diwwinL'B by my friend Mr. BuBk, reduced 
to line lislf of the natural aize, are iimdp. 

As Professor Be) iiuerling observes, tlinlmee 
of llie NktiU is destroyed, and the facial bones 
are entirely nbsent ; but ibe roof of llf cra- 
nium, coDSiating of the froutnl. parietal, and 
Ibetrreater p«rt of tho-(icci[iila] Ijones.as fat 
ns the middle of the occlpitiil lornmen, is eu- 
lire, or nearly a". The Jel't lem|.oral boue Is 
ivantitig. Of the rlglit temporal, lUepnrtaln 
tlis Immediate nelgbliorbood of the nudilolr 
rornmeil, t)ie masloll jimceBS, and a coiisid- 
ersble portion of tbo Fquamnus eVment ot 
the temporal, are well prewrved {Fig. 33), 

The lines of fracture whicli remain b^ 
tween the coadJuBled jiiecesot the ahull. aii4 
are fMibfolly displuyeil in Schmorling's fig- 
ure, are readily traceable In the cast. Tho 
sutures are also discernible, but the complex 
disposition of their serrations, aliovrn in the 
figure, 13 col obvious in the cast. Though 
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I llie ringi^ nlilcb give aiiaclimenL to iiiUKOca 

I ari; nnl vxi'tssivoly ptomincnl, Ihcy are well 

^^^^^ initikeii, null lakeu logelhcr willi llie iippar- 

^^^^^•ntty WL'II (iL-vclupcil fruntel Binitses, iiud 

^^^^^Mio cooditiriu oF llie sulmcs, leuvo tio iloulii 

^^^^Hoa iny mind ibat the skull is Uiai of au iiUult 

^^^^^Ftf not miil^k-ageil mnii. 

^^^^■r Tlie tistrerne length nf the Kkull U 7.T 

' mchea. Its eslieme breadlli, wbicli uurre- 

. ipoodsvery Dcaily wild llio inLcrval [lenvi'pn 

tLie parietal pruiubenuicea, is not mnrii lliu" 

S.4 inclies. Tlie propnrtloii of llii; leuj,'tli lo 

tlia breudtli is llierefura very nearly lU lUU lo 

711. It u linu Im diiiwii frum ilio poiut tit 

. which iho liiuw curves i» low^rd rim rout of 

Ihe aose, and which U oalivd iho " gluht'llii" 

_.(«), (Pig. 23), lolheoccipiliil protiilwranci- (*). 

^sud tUu ilisiuucL' lo the highest poiut. of the 

MTch oC the »ku I ns red perpea Jicii ar y 

liirom this Mae fuund 1 l>o 4 

clies. V ewed f om above Fig 23 A the 

ri'heud p s dIh an evenlv -ve 

build posBBH ato the ui f 




back of tliQ Ekull, which dcBcrihta n toleitlS] 
regular ell iplicul I'lirve. 

The rrant view (Fig. 23 11) shows Ihat tlv 
roof of the skull wus very reguluily aud de 
gHDlly arched In IheirmisicruidlicoUoii, '~' 
that Ihu irausvcrsc dlamet4'r wua a tittle 
below Ihi) pariflul prnlubtrauces lliUB sb _ 
them. The for«hoiid cttnnot bo called ni 
row in rclaliau lo tlie re^l of Ihe flkiiU, ni 
can it he fnlleil u lelreuiiaa foieheMl ; or ll 
eoutiup'. the imierij.DOslerior conlnur of ll 
skull is well »rcli(.'il. BO ihat the divi.-iDi 
along liint (.'unloiir. from ihe mtutl dents' 
eloD lo Ihnnrcipiial prninhcnmce, maaur 
About 13.75 indiBi. The Iruoswrse iiTc i 
the skull, wtiisuieil frnm one auditory fur 
men to Uie olher, xcrosii Ihe middle of tl 
saglUul xuiu'e, id iihnut 13 iacbes. Tl 
fla^iltal sulure Itself In 3,5 inches long. 

Thu supraeiliury pnimiufDcea of 
rWgea (ou eath shie i.f a. Fig. 32) «r 
but ni'l cxtesalvcly. d^eloped, and aP 
rated hy a nii>d Ian depression. Their^ __. 
pul elevation is disposed so obliquely that' 
judge ihcm In be due to large frontal fiinuae 

le a line joining the glabelU Uid ll 
occipital protuberance (a. 6, Pig. 38) 1 
made horizonlid. no part of Llie ocdfiltAl I 
gion projecla moie thun I'oih of an inch, b 
hind the posttrior extremity of that Ihie, n 
the upper edge of the auditory foramen (c) 
almust in coniai^t with a line ilrauii patnlk 
yith llus upon Ihe onlersiirfiLceof IheRknlL 

A Iraaavrt-sB linB drawn fi urn one auditi 
forumen to llie othei- iravcvHi^s, us iiaiial. th'i 
forepult 'if Ihe iiecipilal foramen. The 
pacily of llio inlerior of ihta fragmrnli 
skull hus not liecn n^ctilnined. 

The history of the Human remaina froH 
the cavriD in Ihe NeundrithHl nuiy lupsl h 
glvpn in the words of Iheir oriuinul ita 
stiriher, Dr. SchuaUhauaen, as traiwluled It 
Mr. Busk : 

" In Ihe early part of Iho year 1857 a hO 

siek-ton wrtH rtiwnvercd in a limc^loai 

in Ihe Neandeitlial. near Hochdal. Iw 
twcen DUpseUhiri nnd Elhcifeld. 01 lhl« 
however, I Wns iinnhle to procure morelha 
a plaater cast of llie crnnliim, laken nl Eilttf 
feld, from which I drew up ud account of H 
remarkable coulormalion, which wu. In tb 
first in^lance, rtwl on the 4lh of Februarfj 
ISTiT, at Ihe meelinc of Ihti Loner Rhine Med 

csl and Nniuinl Hisiury Boflciy, at Conn. 
Hubscquently Dr. Fuhliotl. lo whoi 
is indehled fur llie prtservuiion of the* 

lones, ■which were nut nl lii^l 
human, and Into wIkm- pci.-seBaioc llicy al 



Elljerfeld to lint 



Ihe 
lUiusled IL 



At the (ientnil Mei'tiiig i>f IheNuiuralHi 
lory Suciely iit Prussian Kliineland 
'Westphalia nt B<>nn, on the 2d of . 
1857, Dr. Fuhlroll hini&elf g&ve a full i 
Vxmnt of Ihe locality and I if (be circnmslMU 
under which the discovery wmb made. '. 
was of opinion lliat the huncs might lie 
Earded as fossil ; and iu comiug to ihia ci 
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I he liiid esBccial Elress upno Ibe vx- 
> of ilindiilic dcpoeils, wiih wLich 
[eurtacu viuB wvercd.and which were 
liked upon them bv Profesbor Mujer. 
B cummuuicalioD I appended a brief 
pi on ihe reBulla of my anatomical eiam- 
ax of Ibe bonoB. Tlic conclusions at 
It I arrived wuro : let, Tbat the extra- 
Uts fonn of the skull was due to a nalu- 
.i-j, hjiiitfto not known to ex- 
he most barbarons racca. 
Jflist Ibeee remarkable humnn remains 
_,. " a period aniecedtnr lo ihe lime 
.e Celts and Germiins, and were in -<U 
Ibiltl^ derived fmm one of ilie wila 
iot Nctrth-ncElcrn Europe, ppokcu of by 
and wbicb were eocounlered 
'■''' 'III.' German immigrants, 
..■: ln-jond doubt tliat 
' ir iruccable to a period 
.:L.mtiltio( Ihe diluvium 
;: li.'ii no prnof of lliis as- 
ci>[i&u|ULnlJj- of IhC'ir ay- 
4 fMtil coiiditroa, whs uffordcd by ike 
lUtaucca under nliich the bones were 
t-Kd. 

» Dr. Fuhlrolt bus not jel publisbco his 

' n of these ciicumsiances. 1 boiiow 

ing neeouiil of lliem from one of 

liileis : ■ A tmall lavc or gruiio. bigh 

■b 10 admit a man, aod alwui IS feet 

utom llie fntraure, nblch is T or 8 feet 

K exlslH in Ihe foulhern wall of the gorge 

K Xeanderthul, as it is lermcd. at u dis- 

lof about 10 feet from tke Dilssel, and 

^OOfCMubavetbebollC'Uiof Ilia vaUe}', 

H earlier ami iiniujincd condiilon, Ibis 

in opined upon a inriiow pbiicau lying 

jnt of it, and from wbirji ibu rockf vm 

ndrd almost iiciptndiculaily into Ihc 

, It could be Jinclicd, tbuiigb with 

Jilly, froia abuvf. The uneven floor 

BDvurwl to a Ihiekncss of 4 or S feet with 

iuEk of mml, Kpnrlngly inlermised with 

Bed frafmtnts of clien. Id the n mov- 

^t Ibis deposit ibe bones weie dlBcov. 

, Tbe «huU was fliPt noiiceii, placed 

A to. Ule eulriince of Ibc caveni : nnd 

!r in, the othi-r bonces, h ing iu ibe siime 

Mbd plane. Of ibis 'I ivns nfauitrt iu 

iWt positive teims by two lulmreiEWbo 

|MSplqyed to cU'uroui ilie gmtio, and 

- --^j qoeGtioned by me (}d Uie spot. At 

dea was enicriiiined of the bones be- 

mim : Bad it wiis nut till several weeks 

leir diptovery tl;Ht ibey were recog- 

la such by mv, mid placed in H'ciuily. 

tUe imporiiiuce uf the disnivery was 

it Ibe lime pciceiviil. the 1 ti borers wen i 

Ecitreless iti Ilie coUi-ciin;;. niid secured 

Byonly t1)c1iiii.'<'r b:>rus ; iliiiI In |b[8 cir- 

Kanceilniiiy lii'iiilri')ulcd iIkiI friutmeuti 

jrjrfjLe |tiyl«ilily perfect skeielon came 



owing to wblch Iho superciliary rlJgea. 
which coalesce completely m the middle, arc 
rendered so prominent that Ibe frontal bone 
exhibits a considerable hollow or depression 
shove or rather bebiud them, while a de^ 
depression is also formed in the situutiou of 
the root of the nose. The forehead is nar. 
row and low, though the middle aod hindn' 
portions of the cranial arch are well devel- 
oped. Unfortunately, the frogmunt of the 
skull that bas been preserved oousists only of 
the portion situated above the rouf of Ibo or- 
bits and the superior occipital ridges, wkicli 
are ^remly developed, and idmoal^ conjlioell 
80 as to forui a iinri/.ontal eminence. It in 
eludes almost the whole of the fronhtl buaii, 
both parietals. a small part of the squomoua 
and ilio upper third of tho occipital. The 
recently fractured surfaces eliow that ihe 
skull was broken at the time of its didnler- 
ment. The cavity lioIJs 1(1,870 graias of wa- 
ter, whcucu its cubical contents may be esti- 
mated al 5~M ioeheH. or 11)311. lil cuhie ccnlU 
metrcs. In nuking this csiimaiiou the w«- 
Isr is snpp'ixed Iu stand on u lifvul wilb tlu: 
orbital plule of the frontal, wiih tho deeiwst 
notch Iu the aquumtius margin of Ihcpaiie- 
tjkl, and wiih the suneiior auraiclruuliir rldj^s 
of the Dccipital. Ksiimated in d'icd mlilel- 
seed, the couieuta oquiillcd dl ounces, I'rua- 
siaa apotheiiariea' weigliL The wnticircu- 
lar ttne iudlcatin;^ Ihc upper bounilnry of Iho 
aLliLchmeat uf llm temporal muscle, (li'jugh 
itol very stroni;!/ mirkid, ascends nevtrllie- 
lesslo mare ihaa half the liolshlnf lliu |iurie- 
tal Iwno. On the nghV s'lperciliary rid^u iS 
observable an oliliiiuu ruriiiw or depresiiioa. 
iudicativo of nn injury leeelved dunu;; life.* 
The coronnl iiud su^iitol sutures are on tho 
exterior nearly ciuseo. uud on Ibo inside so 
completely O3sillod as to biivoleft no Itaeos 
whatever, while the lambJuiilul remains 
liuiie open. The donvcsaioas for ihe Paccbi- 
iimiu] glands ai'e detp aud numerous; and 
there U an uuiuualiy deep vascular groove 
iiiimciliuloiy beliind tho coronal suture, 
which. 4Li it terminates in a foramen, na 
duulil irunsmillcu a vena ernimai'iit. The 
course of ihu fiuiMal suture Is indliT.lad ex- 
leniiilly by a slij^liL lidae ; andwbure it joins 
the coronal Ibis ridi;u ilses into a sinmII jiro- 
luiierance. Tlio course of the sagitlal hiiliire 
U I'm ivuil, iiDil ubovc the angle of ihu oceip- 
ilal bonu the piirieluU arc depressed. 

The tpnglli •■{ thu rkull Srvai 
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Hpouding radine. But it ia clew llrnt lliU 
sJinneniog, as well its Ihii aUpnualiou of tlio 
left liumcrua, are bolii consequent upon 1 he 
patiiological roniliCian above (Icscribeil. 

"4. A left ift'iim, almost perf net, nnil belong 
ing to the femur ; a. fragment of l!io right 
leapula ; the anterior eslrernity of a rib of 
Ihu rleht side ; and tUe same part of a rib of 
the left sida; the hiniicr part of a rib af the 
right side ; and, lastlj-, two lilndf r portion^; 
anil one miildle portion uf ribs, which, front 
iliilr umisiially rounded s!ia[ie and nlirupt 
uiinulurt'. more reaemhie the riha of aeaT' 
nlvorousauiniftlihaQthofuofninan. Dr. H.t. 
iryer, however, to whose jiidjmonl I defer; 
will not vuntiirt to declare Ihem ta bo riba of 
imy animal ; and it only renmiua to KiippoM) 
ibatthis abaormal conditiou hub arisen from 



I occlpiul ID 



thefoUowing bones 



"Besidea 
have been secured : 

"1. Itoili thigh-bones, perfect. These, hkc 
the skull and all the other boDes, are cliarac- 
lerized by their unuaual thickceas, and the 
ipeut development of all (he elevations Gud 
iteprcMioDS for the nituchment of muscles. 
In ihe Anatomical Museum nt Bonn, under 
thcdesignMionof 'Giant's bones.' are some 
recent thigh-boncB, wilh which in thickness 
Ihe foregoing pretty nearly correapond, al- 
though iLey are shorter. 



r Lenglli M2^21-4" ....<3a=l7-4" 

lUsiudtnr or bcud of femur, M= S-l*^ .... 63= i-V 
nininelti uC lower grllcuUr 

IhB Dthtr B9= 3-B" ... 8r=3-(" 

mifldio S3= I'S" .... .»=1-1'' 

"S. A perfect tight humerus, whose size 
i^ows that it belongs to the thigh-bones. 

Length...... ....818=12.3" 

ThlcUiiM* In lliu middle V«= l-O" 

Diamcicr of buiUl «= IV 

" Also ajierfect light radius of corrcspond- 
iuc dimensions, and the upper third of a 
right ulna coricspouding to the humerus und 
ladiiis. 

" 3. A left humerus, uf which the upper 
third is wantluj;, and which Is so rouch slen- 
derer than the right as apparenlly to heloDg 
to a distinct individual ; a left ulaa. which, 
though complete, is piilhologicatly defurineil. 
the coronola process being so much eulargcd 
by bony )^owlh Ihat lleuuro of the elbow be- 
yond a right nnglo must have been impossi- 
bie ; the unlcrinr fnssft of the bumerua for 
the reception of the coronoid process being 
alio filled up with a similar bony growth. 
At the same time Iho olecranon is curved 
strongly downward. As the bone prciicnls 
BO slgu of rachilic degeneration, it may ho 
supposed that nn injury sustained during 1ifu 
was the cause of the anchyloals. When the 
left ulna la compared wilh tlie right radius, 
it might nt first sight !« concluded ihiit the 
hnnes t'i8pect:~'jly belonged lo different indi- 
viduals, the ulna being more ihuri half uii 
inch loo short fur articulation wit 



" The bonesadhere strongly lothe tongue. 
Although, aa proved by Ihu use of hydroclilo. 
ric acid, the greater part of the cartilage is 
still retained in them, which appears, how. 
ever, to have undergone that irausformation 
into gelatine which has been ribeerved by v. 
Bibra in fossil bones. The surface of all tliQ' 
iKines is in many spots covered with minutei 
black specks, which, mure especially under &' 
lens, are seen to be torniEd of very delicate. 
dendrites. These dcpoails, wliich were first 
obaerved on the bones liy Dr. Moycr, are 
moat distinct on Ihe inner surfiice of the 
critnial bonus, Thpy cunaist ot n ferruiri- 
nons compound, and. from their btacii color, 
may be supposed lo cunlain manganesB. 
Biniilar dendritic fomialiiras also occur, not 
unfrequtnily, on himinai'-d rocka, and are, 
usually found in minule fissures and cracks. 
At the meeting uf Ihe Lower lihine SocIetT 
at Bonn, on tlie 1st of April, ISflT, Professor 
Maver slnled that b'.- bail .luliced In the nut 
seuin of Puppelsilorf eim'lar dendrith: crya- 
tullizationa on several foaall bones uf ani- 
mals, and particularly uu lliose of ITrnu 
apelaui, hut slill more abundantly and beau- 
tifully displayed on the fossil hones and 
teeth of Bquuf adamilicus. Elepkai primSge- 
ni'us, etc., (roni the caves of Bolve and Sund- 
wig. Faint indiirations of slmiliu' deadrttei i 
were visible In a Boman skull from SleK- 
burg; while otiier ancient skulls, whldi 
had lain for centuries in the earth, presented 
no trace of them. I am indebted to H. T. 
Meyer fur the following itmarks on Ihl* 
subject : 

'■ "The incipient formation ofdendrllic de- 
IKisits, which were formerly ri^iicded as ■> 
sign of a truly fossil coodilion, ia IntcrcsthOK- 
It has even l>een supposed that in diluvial &■. 
posits the preaence of dendriten might l>6 re- 
garded ns affording a certain mark of ^ft- 
linctioQ between bones mixid wllli the dllil' 
vium at a somewhat later period and the true. 
diluvial relics, lo which alone it was sup- 

foscd thatlhese deposits were confined. But 
have long been cnnvioced that neither 
can the absence of dtrutnUs be regarded 
ns iadicutivc of recent age, nor Ihdir pres- 
ence Bs sufHcient to ettablish the great wo.- 
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llquity of the objccia up »n which llit.-}' o''- vUile, BRDordias; to Morton, in tlie TIM- 
cur. I havo niyaelE nniiccil Lpun puper, heads of the Columlna. Iho frjotal nod pari- 
whicli could Bt^arculy i)C miiro Ihnn a ycur etal Iiodes aco slwiiys unsymnielriL-al. lis 
old, (Icndrilic depouta, \vhitli ciiuld Qiit tie couformatioii exhibiU llie spatiiig develop- 
diningiiiiilicd from thosG on fi's>-il hones, mont of the aDterior part of ilic htiid vliluh 
Tbnsl possess n dog'sGkull friim iheltomaa has beea so nfiea oliserved in very auciiiot 
colony of llio neighboring Heildurilieim, CWt- craaia, and iiftorda one of the moul etriklne 
Irnm JJadrianvm. whirl) U in no way dislia- proofs of the Influtncu of ciiliuro nml civil- 
niivbablo from tho foasil hones from the mtlon on thu form uf IhohiimHn ekiill." 
Fnakisk csTca; it prcscnlM l he en me color, In a siihsequunt paKsage. Dr. Bhuaffliaii 
aod Adheres lo the longuc jiisl its Ihcj do ; sen remurlLD : 

BD Ittat Ibis character rIpm, wliidi. nt a for- " Tlii/re is no reason whatever for rccard- 
UMT meeting of German nuluiiili^is nl Bonn, Inglhe iliulkiiu! aL-velopuieol of the t'lOnuil 
piva rise lo amusing auenes btUvti-'n Buck- slnui'Cit in the remiirkflhle skull from the 
Jaitd luid Schmeiling. i" no JuDKtr of any Neandnrlhal ns an iiiilividmil nr ptilhnlogicul 
vnluD. In diapuled cases. Ilii-'rcf-iii;, llie con- deformity: it is iiuiiueBtionnhly a typical 
dition of the hone chu scarcely iiITurd the ra^e-charncttr. iitid is physinlnpically ooti- 
mcuts for detemiiuiii}; ^viih certainty neclcil with Ihc uncnmnion tliickness of the 
vbcthiT it bo fossil, that is lo tny, whether other boni-s of the skeleton, whifli exceeds 
it belong lo {^sologioal nntiqiilly or to tho W ahout one half the uaual proporliOQS. 
histoiiciil period. ' TTiis expansion of the frontal sinuses, which 

"Aa wo ranaot now look upon thcprimitive are appendiwres of the air-pasaages, also indi- 
world as representing a wliollydilTercuiciiU- cates an nmisnal forcRBiid power of endn. 
dltiOB of things, from which no transition ranee in the movements of the body, as mjiy 
«xisU to ihu organic life of the present lime, be concluded from the size of all the riJgBs 
the designalioQ of fottil as applied to a bone and processes for the attachment of the niuv- 
bu no longer Ihn sense it ponveyed in the cIob nr hones. That this conclusion r.wy ^« 
Ijmeot Cnvler. Swfflcient ^i-otiuds exist for drawn fiom the existence of large fronfAl 
IhD assumption that man coexisted ivith the Binuscs. and a prominence of the lower fron- 
U^als found in llic ffilvn'um,' and many a tal region, is confirmed !n many ways hy 
tiMbarous race may, before nil historical other iib-'crviiiions. By the same charaoters. 
lime, have disappeaicd logeUier \viih the accnriiiiLr to PkIUi, the wild horxe is dislin- 
aoinuls of the ancient world, while the euiihi'il fiom Ihe domesticated, and, aceord- 
ncea whoso orgnoiaitioD la improved liave ing to CiivI't, ilir fn«sit eave-benr from every 
coittraacd the genus The bones which fueent spiicifs nF lipiir, while, acconline to 
fotm llie Eubjwt of this paper present char- Koiilin. ihe pi'--, ulii''!! Iiii« hi'cnma wild in 
OCteiB which, although not decisive as re- &.miirica, nn'l iv^'iniu"! n lecnnUhnce lo (lie 
gariU n geolijglinil tpcch, are, never tbeles?, wild brwi. i-= ':\:v th-Wn-w.-hrd from Iho 
sncb IB iudiciilc n \cry high unl)i|uiLjr, 1' same anlnin! iti tin^ liniovi^llciited siuic. ;iB is 
nutyolso be remniked that, cctmmoo as is th Ui chinnuis rir)i[i ilie :;iiut ; :md, lastly, the 
oceurrtnec of diluvial unimul bone.s in thi. bulldog, whicli is characttri/uil by its liu-ge 
muddy d< posits of caverns, auchiemunahave bones mid Mrongly-doveioiu'd inuBCles from 
not hiliii-ilu l>ten met with in the caves of every otliei klnii of dug. The ealimalion of 
ihu KcunderlhnI ; und that the bones, which thii tiiii'il iiiiglt:. Ihu detcrtnl nation of which, 
were covered hy n dipoBit of mud not mere accuuling to Piofcsaot Owen, in also diHicidt 
lliaa four or five feet thick, and wilhout any iu lilt- gieul apon. owing to lUe very prorai- 
proleciive covuriug of stalagniilo, have re- neni supra oihdal ridgts, iu the present case 
taiDvd Ihu gteatt'BV pntl of their ciiguuic sub- is tendered atiil more dilHcult from the ab- 
Wancc, Beoce huth of the auditory opening and (if 

■' Thcpc I irrumslunccs might be adduced the nasal spine. But if Iho proper horizon- 
tablet the proliubiiiiy of a geological an- tal nosiiion of tho skull Ihj taken from the 
l^iiy. Kof dhnuid we W jusiitied m re- remaining portions of the orbiml plates, and 
gardfng Ilic cranial cootoimalioo as perhaps the aHtcudicg line made to touch the surface 
Ttprcatnling the mom savage primitive type of ihc frontal linne behind the prominent 
ot Uie liuniiin iiicl', sincu crania exist among enpra-urhital lidges. the facial angle is not 
liflDg siviigcH, winch, though not exhibiting found to exceed 58°. Unfortunately, no 
Mich II iimiirkable couforraalion of the fore- portions of llie facial bones, whose confor- 
hext, which gives ihe skull somewhat the malion is so decisive as regards the form and 
Upect of that iif Ibo hirge apea, still iu other ciprtsaion of the lieud, have been picserveil. 
TcupcclH, ;i> 1. r :iSiani;o in tlio greater depth The crimiai cupacily. compared willi the un- 
«r llie teiii;>i>r>il ii<s«iu, the creat-likc, proml- common atrength of the corporeal frame, 
neni icii'ii.ir.d ii,l^<rs. und a gouendly ItsN would seem to iiidioate a small curebrul de- 
OBp.iiir.ri,, iiniiJ iiiviiy. exhiliit au uquiilly velopnienl. The sknil, ns il is, lioMs alwut 
Itin- - II ill. Tliureisno iCa- 31 ounces of millfl-Fee<l ; and a-i, from Ihu 

sou I ilii' deep frontal hol- pmpnttionale sixe of the wanting bones, the 

\e\v, , :.il llallvn ing, such us whole rriininl rnvily should have about six 

U i-i.. - nuiilcs by Imibatona ounces mnri- added, iheconients, were it pw- 

' Now World. The feet, i.iay lie taken at 37 ounces. Tii>deman» 

I, and bhows no iu- asalL'ns, ns the cranial contents In the Negtft, 
iiu at Ihe ueeiijul, 40. ila, and US onocus. '?\tfs cwI!^^J.■sa"^:>.'^A» 
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railmr mnra lltan SO ouuoes of wntcr, which lion ? In ofder !i> solve tliase douliU. 
oimttixindiloupiiiwdlyof IU38.24cubieccn- (ipeidu Uiu qimslion wliellier Ilie grtjul 
lln:tiivi, Hiis.'-'- -■-——-' '-' — --■' , ..!.__..ti __ .r>.. _.-_ 



tho cmnialcon- ciliary proJBCiiuns liU, or ilid not, i_ .... 

ruliic centimetreB ; iliB dovolopnii'iil of Iko frnntnl Hlnuaua. I t«- 
■( cubic centimetres. queglcJ 8;r Ciimlfs I-yell 1> liu «ii gnutl aa lo 
ly Ekulls, estimated obtain for ini- Trom Pi-. Fiihlr'Xt.llie |)(t»8eaBOP 
.:i mmceB. -while Id oftho skull. Muawt-r'Ucuriiiiiuiiiuries, and if 
,1 rnlU to as lilllB as iJossiDle a cnsl, i.r hI nni- rale drawing*, Ot 
phit'isnipin. of llie inlfi fir nf ihB skull. 

Dr. Fiihlrott fep!i-rt. wi(K a ciiiUfHy aiul 
rendlness for wliitui I am hlinrlely liKtebtad 
to him, trjmy iLHinirica. aivl fiirlhrriiiorB sent 
lliree cscellont ]iliol'i^'ri|ili». One of thcae 
gives a aide view i\t \\iv ukull, aiiiJ front it 
Fl^. 34 A has Ixxu abuded. The second 



ilir- . 

Aftrr cnraiwriuf; the Ncanderthnl en 
with many mlicrs, nncipiii niirl mfjiltrn 
tenerir l3Cli'Li:itTliiwisun i.'Uuiilutles IhuM : 

" But IliE N.iman liunrB aofl cniniun 
the Ntaudenliiil i-xpcid all liie rust in .. 
jwculidriiics of conformation which lead in 
<liyi:i ' •■' -'--" ■■ ■ ' ■' ■ 

wliidi llu-y wtrc fouod, uu accompanied wil^i 
mjr itnva iiC liiinma art, were tlie plocu ot 
ilitlr inirrniciM , or whulher, like tlic bom's 
tif (fXIJNri uniniida (Osewhtre, llicy bad becu 
wajthoit iiilij il. lUuy may tiill be rej^ardcd e^ 
llic iiii'^i tiiKji'iit mcmurhil of Iho early I ir 
lubUuiilnot Eurcpi'." 

Mr. Uunk, lliu iiaustalur ut Dr. Bcbaa.ll 
lutuscn'a (lupLT. hu» cnnliltNl as to foitu :i 
vary livId cuBtcpiinuof ilia dcj^nidcd clisi- 
WAnt of iliu Ni'iiudeiibxl bkull, tiy pluciaf; 
xik br uidd iviib i:s ouilini' tljai of the slctilt 
of BC'hiiupunKd'.ilradvu lu iliu tame abEoluiL' 

tionic lime nficr Ihe pnliliculiou of thu 
llvaeJatioii of Pri)ru«.'iOi SclKtuSiiaiiiieu'a ''SIc- 
molr." I wiia ltd lo sturty Uli' ftiil of lliu 
Nnnilcitbul ctauiuin wlljt more ultcntlim 
lluti 1 hud [iiFvioutly beslowi^d upcn it, in 
ConaeqiiL-ncu of miihiiigto supply Bir Charles 
I^tril Rilh a diagtam, cxhibitiug the special 
pectiliarilJFS of tbiaakull, as compared with 
ollt(-r human skulls In order to do tliii it 

trtM OfccEPary to identify, wilh prccUion, { 
IbnK pniuta in Ibe eknlls compared which 

wwreBponded amitiitnicHlly. Of these points, ..--...— -—.- -.--,- 

Ibc elahellji wna oli*iouB enousrh ; but whea StiS kfw^S «"u?i«^"ioa)' 
I had dislinguiahei] annlbcr. defined by the 

occipil*! prolulKiT.DCU and superior Bcmlcir- frontal sinuses upon lliu lufutior surface of 

cular litip, and had placed the outline of tlio the frontal pUirt of llic skull. Into -wlilch. Dr. 

NuRitdunhal skull sgaiast that of the Engis Fuhlroll writes, " a pruiio may be iulroduced 

shill in such a position tbiit the glabella and to the dcplli of an inch," nnil demonairates 

QCClpltHl protulicrnncc of both were inter- tho great c.vtensiiiii of iha Ibiukcncdaupraeil- 

Bicicd by the same siraiglit line. Ihe differ- iary lidgKS bij.voud Um i LrubrHl ciiviiy. The 

pnoe was bo vast and llio flattening of the third, luiily {Fi^'. '~ri 1!). i-.vliibus the edge 

SmadiTlbal skull sn prodigious (e.imparc and ihu luUifiur ol 111 : ]• i^li^iior, or occipjlal. 

Kigs. 23 mid 24 A}, that I at first Imagined I part of tho skull, an I i.ii..rts very clearly Ihu 

must huvp fallen inlo Bnmc error. And I iwodcprcsaioaH tor lliu lalemlaiuusea, sweep- 

w«» Ihe more inclined lo siiapert lliis. as, ia tug inward toward tbJ iniilrtlu line of tlic roof 

iirdinary human skulls, lliu occipilul ptotu- nf lbs skull, tn form ibe longlludinal dnus. 

Iterance and superior semicircular curved line U wax clear, therefore, that I had not erred 

on tho exlPfior of tbc neclpiil correspond in my inlBrprelatlou. and Uiat Ihe posterior 

prclly clnwly wilb till' " lalcrnl sinuses and Idhe of the brain of the Neaiiderliial man 

Iho line of iilturlinient of Ibe teufoiium in- must have bten as much lluLtetied aalsus- 

Iffnally; But on the lentoriuni rc«l9. as I peeled it ta be. 

bavr said in tlio pieceding essay, Ihe poste- lu trutli, the KeaadcrlUal uranium has 

nor loho of the bruin ; uud hence the occip- most cxlruordinary ehuiaolers. It has an. 

lU prolul>erance amt the curved line in extremo length of 8 Inches, while its breadth 

qiuBluia iDdicuIb, approximately, the lower \a only 5.79 inches, or, in other words, lla 

3ni:la of that lolie. Was it possible for a lengili is to its breadth as 100 : Ti. It U ex- 

humari being lo have 1Iib brain ilius flat- eeudiagly depresseil. muasiiting only ftbcaiS. 

tened and depressed ; or, on the olhcr hand, a.l laches troia the g,WaB\\o-WW.\iv\»^^i»a'^ 

hMd the muscular ridges shifted Iheir pasi- tin vurlex. Tte \owi^\Vtti!wi4\ a~ ~~>""i>A 




intL-rlor ft li-o iiuaiidi-rihal 
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BTIDiLM.1!; AS TO MAN'S I'LAUH IS NATURE. 

Id the samn wbj as in llie Engia sku]], is 12 fM glnbcllo-occlpilal line is nuirle horii^nitd, 

lachea ; llm tnin-ivgritc mc atnaot bu cxaoLly ani) eu far fi'um any piirt ot llio Di^dpitul n 

•acerUioeJ iu co'nsSyiience uf lliu abaeufie of p»in exlending bcyonJ il, this region of Ih.. 

ttie temiioral bjncs, b'Jt wa9 prolMbl^ ub:>ul rkill ulnpte nbliuuely npwiml nnit furwardl 

tbe snnu, und cutuinly uxi^ueded 10^ inclit-x. •■tt ibnt ihc lambanidnl siiliire is sitnati-d vtA 

Tbe li'iiizuniul circumrtreiiua is 23 ineliei iifwd thu upper Hurfaoe of the frnniuni. At 

Bat tliis (;ru.il; difiMifereDcu arisen lir;;;^!^ Ihc sume lime, DQlwillistau'lln;^ [liu great 

tmm iha ..u^t (iu tpI oinnc II I <jf llic siipmcili- lenjrtli of llie skull, the sagiiinl b " ■■■ "■ 



Ifom the 

■T ri'lge*i llv'iiiglilliupcrimeler of tlw [train 
oam! ilsiclf is not small. Tliu lar^e g-""-"" 
try riilgeB givo iliu forebead a far 
ireatms; apptiarance Ibuu ita iniiirnni 
would boar uul. 

To an ntinlfiiiiieni eye Ibo poBlorior pari ot 

the skull is uvun more ecriking than the anlo- 

rior. The occipital prnlalwnince occupies 

I Ota extreme posterior tiud of the skull, when 



marknbly tiliorl (41 inches), and tbc Gquamo. 
sal suiaro is very straight. 

In reply lo.my quesliona, Dr. Fuhlrotl 
wrilcH UiHt tbe occipitui bone " is in a state: 
of perfect preservation as far as the uppoF 
seniii^lrciiluc line, wbich is a very strong^ 
^miiiiw. bill i-nljirgioj 
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wblcJi is sUslitly dt^preaaetl ta tlie middle. be, bo far, more npe-like than lliat i)( nri1i> 

" Bitluw liio left rlilgu llii: Iwae eiliibiu nn aaij EiiropcaD.i. ni'e we jiiatitk'd in cnudud- 
oliliiiiii-ly intlined HUilac^. fAx lioea (.Freucli) ing a like cooditlon of Ilie brain tu piuvail 
long. 1111(1 iwi-l»e linea wide " umveraallyHmonglhcIowerracesofiiuioklad, 

'riiic liisr must be the anrfiice, ilie contour however ptobuble that concUisioQ m»y be. 
of wlik'li U sbonn iu Fig 34 a, below 6. It We are, in fact, Jiadly waating iD iafnrnia- 
is piirliL-iiUily inl treating, as it sugi-ssla liiat, tion respucling tile diBpositiuti of Ihesnfl nud 
n'>lwitii!«iiimliiig tlie tlHLLciii.'il lundiljim [)f destrudilile or^nus of every race of miiiiltind 
ilic ociput. ibc pn9(CTtor cerrhml lubes must but our own ; and even of the skeleiou, our 
hiive projr'clfil (rnnsidtTahlj' iipviini Ihe cero- musenms are lamentably dellcieut ia eveiy 
Iwiluin. mid us il wnslidiiL's oae amnng Bar- part but Ilia cranium. Bkulls eaou^b IliettJ 
■ nil priinis iif !:imi!;iri[y tieiwc:ea the Ncan- ore, and since Ibe time when Blumenbnch 
ileillialcranidmaniceitHJu Audtralianskulia. tad Camper first L-nlled alteatinn li> Ihe 
marked and einirular diffcrcans wbicb ihey 
* Such are Ibc tvvf best known forms of hu- cxbiliit. skull -roilecaiD^ and Akult-iiiriu sit ring 
man cmnjiim, wliicb luvc b<.'cn fnund in has been a zealously pursued branch of natu- 
irliat may lie fairly termed a fossil 6tale. ral history, and tba results obtuiuud linvo 
Can cither be bIiowd to fill up or diminish, been arranged and cinstilfied by viirioiia wr it- 
to aoy appreciable extent, the »ttruciurai in- ers, among- wbom Ihe late active and able 
taml wliicb exists between man aod the Rerzlus must always !>e the flrst name-d. 
maodikeapes? Or, on ihe olber bund, dots Humim akulls biive been found to diffei 
neillier ttfpiirt more widely from the averago from one another, not merely in Ibi'ir nb^o- 
sliiii'loie i>( tbi) human cranium. Iban nor- lute size and m Ihe nliHulutucapai'iiy of Ihe 
Diiiily formed skulls of men are known to do bniin-cdBU, but in Ibe propoiliuDa wiiii;li ibe 
at (hi- p'csi'iit day? diameters of the laller liear to nui- iwi^lhvr ; 

Il is imp'jKsible ]t> fiirm any opinion op la Uie relative size of Ihe bone.q uf ihe Tiice 
these i|Ui-siimiH, without some prelimintiry (and morfi particularly tf the ;awa nnd leeth) 
MCi^uniiilanec with tbe range of vunHtiou ex. as compared with those of the skull i in the 
liiliitsd by liiiinan structure in general — a degree to which Ibe upper jaw (which is ol 
wilijcet wliieb baa bcealrat Imporfuelly stud- course followed by the lower) is thrown liack- 
le-'. while liven of what is known my limits ward and downward under tbe fiinpiirl of 
w.l! iH'i'L-sfiarily allow me to give only a very [he braia-oafMJ, or foiward awl njninid in 
innii-rfcct sketch. front of and lieyond il. They dilTir luilhcr 

The student of anatomy is perfectly well jn lie relations of Hie Iransverft (li:imi lei /t 
jware ihat [here is not a sinele organ of tbe the face, taken through tbe cheikljuncs, la 
:iLiinaii body the alructure of which does not the transverse diameter of llie ^kiiii ; in !ho 
vary, to a greater or less eslent. in different more rounded or more gable-like form of the 
indiVidualij. The skeleton varies in the pro- roof of tbe akuli, nud in the degree to which 
poilioDS, and even to a certain extent in the Ibe hinder part uf Ihe skull is Qallencd or 
connwlions, of il« constituent bones. The projects beyond Ihe lidge, into and below 
mu»clea which move the hones vary largely which Ihe muicles of the nerkare insei ttd, 
iD their nllachmenla. The varieties in the In some skulls Ihe brain-<Bse may be said 
moda of distributioD uf the arleries are care, to bo " rcmitil." Ibe extreme leugih not ex- 
fully classified, oo accoimi of tlie practical ceeding the extreme breadth by a grentee 
importaate of a knowledge of llieit shiftinga proportion Ihan 100 to SO, while the differ- 
In the surgeon. Tbe cbaiacieis of the brain ence may be much less. Men posbessing 
vary immensely, nolhlne being less constanl such skulls were termed by RclziuH " SmrAy- 
Ihan the form and size of ihe cerebral faemi- eephalie," and the skull of a Calmiick, of 
■phenis, and the richness of the convolutions wbicli a front end side view (reduced ouilino 
Dpon their surface, while the most change- copies of which are ^ven in Fig. 26) ara 
aW wruciurcs of all in tbe human brain are depicted by Von Baer m his excellent " Cra- 
exiwlly IhiKe on which Ihe unwise attempt nia selecta." affords a very admirable exam^ 
has been madit to base the distinctive charac- plo of that kind of skull. Olber skulls, such 
b-n (if humanity, viz., ihe posterior cornu of as Ihat of a Negro copied in Fig. 27 from Mr. 
Illfclalerni ventricle, tbe hippocampus minor. Busk's ■' Ciania typica," have a very differ- 
«d4 iho degree of projection of the poslerioi ent, greatly elongated form, and may be 
IrilHj beyond the cerebellum. FinaIly,aaaU teimed "oWMiff." In Ihis skull the rxlrtroo 
«iw world knows, the hair aod skin of human 'ength is to the extreme breadth as 100 to not 
betngB may pre«c„t the most cxtraordlUBiy "V*"^ ^^'"' ^'^'^^ '^'' *^?TZ^^^'''Z^",^'^l 
OlToniflleslncolorandbiteMure "'^ human afcull may fall below even Ihia 

So far as our preient knowlfdge goes, the P''j;PS''l!""n ^■^'"'.'^i'3^*''iir?>^" "*"" 
fflajorlly of the structural varielies To which ''""^1 »>? He"^'"" dol,,rh«^haht. 
aUosion is hen; made are iadivhlual, The The most cursory glance at the side viewa 
•pe-likc anangement of certain muscles of these iwo_ skull vriU suffice to prove Uitt 
which is occasionally mot with in the white the v differ, in anMher respect to a very 
racM of mankind, fa not known tu be more striking extent. The ptofifo of Ibe face of 
common among Negroes or Australians: nor 'h*' CaWk is almo« vertical, the facial 
bwatise ihe brain of the Hottentot Venus bouts being Ihrnwndownwardandundir Ihe 
WW. found to be smoother, to have its coovo- f°/<^Part of the skuU. Tk<^ ^\cft\e «^'^«;:^^ 
■ " symmetrically disjwwd, uitd to of aNegto. on\\ie oVtvx V^Q4,^*.wx.i>a\M\-j 
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•lined, lb e from pnri (^t ilio iawa proiecl- wlikh forma the fadal anglo, are drnwu 
ing tar forvtoril lieyond ilm li:vel of tlje fore- through points of tlie nkiill, ilie posillon nt 
|Hirt of Iho Gkiill, Id Utv former cnae the each of which is mollified liy a nuiobcr i>( 
KkulllaBaidlo-bB"'(jWAoj7"i'''ou»"orEiraight- ciicumstancea, bo lliiit ifie angle olitained la 
jHwed; In the lolier it, is eMtd "pregnO' a complex reBuIIaut of all these circiini- 
'hinu," a tenn Trhich huH liren rtntlered, nitb tanctiR, and is not the exprenBion of any c^iis 
Jiwre force tlinu i-ii'gnnc'p, I'yilip Saxon pquiy- definite organic relation of the parts of the 
iilfnt — "(uioiily." Bkull. 

Vsrious niLilimln imve bt-cn devised in I have arrived at tho conviction that nor 
order to exproBS niih Home necnrncy thu de- comparisoii of crania is worth very mucb 
gree of proEnatbiBm or orlhognulliism of any that is not founded upon the establiahuicnt of 
given skull : moist of these methods liclng a relatively fixed bjise line, to which tlia 
essentially moil jflcal ions of that deriEed by measurements, in all castis. must i>e ref'jrred. 
Peler Camper, in order to alluin wliat he Nor do I tlji!!;t it is a. very difficult matter to 
called tho " facial an^o." decide what that base line eliould be. Tbe' 

JiiU a Utile cou^uierulion will show that parts of the skull, like those of the rest of 
RUy " facial angle'' iliul has been devised ran the animal framework, are developed in suo 
he eotnpelent in ex|iress the siniccural modi, cession : the iioHO of 1he skull is formed bu 
Aeations involved in prognathiamnndortbog- fore its sides and roof ; it Is convened inia 
nathism. only Ir. a rough and Renoral sort of cartilage earlier and more completely tlian 
my. For the linea, the interacction of the sidea lind roof ; and the cartiltunx'^u 
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Ksifles. anil becomes soldered Into 
c« long before lliu roof. I cunceive 
^U tli<! bnse of the skull mny bo de- 
_l&Bt«il ilerelupmcntnlly lo bu its rela- 
htcIv fixed pan, lliu root and sides heingrel- 
Mively mov/ililc. 

Tlic snmc Iriilh 13 cxeniplifleil by the Eiiidy 
of iIieDiorlificmtioDs wliicli the BKull iimler- 
goes in aacuuding from thu lower atiimaU up 

In Bucli a mammal as 11 IieaTcr (Fig. 28). a 
Hoc (a. 6.) drawn llirou^li ibo bonps tunned 
bo^OCCipitol, hasisphenuid, and presphenoid, 
Is TBiy long in proportion to ihe exlrcmu 
lanfftti of tUe carity wliich contains the ccre- 
bnj hemispheres (</, A.) The plnac of the 
occipital foramen (*. e.) foinis 11 slightly 
tente angle wiili this ■■ i-'i"-n^i..i ^,:^ • 
white tho plane of the ic 
dined nt raibor more llu 
eninlnl axis 1" and an is 
(bmtcd plate («. d.) bj 
of the olfactory ncrv 
A^in. a line drawn lliii. .„. . 
thee, between the lionca ealied cilmiiii.i and 
Totner. llie " bBsifacml iisls" (f. e.). forma an 
mcoedlngly obtusu angle, wlieni. wlicn pro- 
duccil. it cuts the " basicrauiul axis " 



by i. : 
lllen a\ 



iloriomli. 7-.) is lu- 
ll iiO" 111 the ■■liuBi- 
lie pJiiiJCdf IbciKT- 
whlcli the llliimcots 
) ienTu llie fkull. 
"if lUe 



nit lliesu, in the mnmmnl in question, 
are nearly right angles, varying between 80* 
fluii no''. The angle e.f. b., or that made 
by Iho (.'nmial With the facial axis, nod which 
niiiy he lerroed (lie " cranio-faoial angle," U 
cxlrsiiiely obliiae, amoimling, In the ease of 
the bcavir, tont ie.ist 150'. 

But if a sedes of acctlona of niammalinn 
skulls, iiiicrmudble between a Rodent iinrl n 
Man (Fi!;. 28), be examined, it will be found 
that in Ihe liigber cnmla the bost-cranlHl axis 
beeomuN sliorier relatively to the cerebiHl 
length; that the "olfactory angle" end 
" oooipiial HOgle" become more obtuse, aofl 
that the " cranio faeial angle," bccomis 
more aente bj' (lie bending down, as It were, 
of the focinl axis upon the cranial axis. At 
the same time the roof of Iho cranium lie- 
comes more and more arched, to allow of the 
increasing height of the cerebral UemisphereH, 
which is eminently characlcrislic nf man, ai 
well HB of that liai'.kwnrd extension, beyond 
the ecrebcllnm. which reaches it maxkmiun 
in the S0U1I1 Amerlenn monhi>ys. So that, 
(.llusC, !n ibejnmun skull (Fir 28), ILe cere- 
bint length m between twice nod thrice as 
great as the 1en-;tb of the bneleranlal axis : 
ilie oifaelury plane is 20° or 80' on the undir 
side of that axis ; Ihe occipiiul angle, instead 
of being less than D0°, is iis niucli lis 150* or 
160' ; Ihe crania-facia! nn^le may be 90° or 
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less, and the vertical lieiglit of the skull may 
have a large proportion to its length. 

It will be obvious, Ironi an inspection of 
the diagrams, that the basicranial axis is, in 
the ascending series of mammalia, a relative- 
ly fixed line, on which the bones of the sides 
and roof of the cranial cavity and oi the 
face may be said to revolve downward and 
forward or backward, nccording to their po- 
sition. The arc described by any one bone 
or plane, however, is not by any means al- 
ways in proportion to the arc described by 
another. 

Now comes the important question, cau 
we discern between the lowest and the liigli- 
est forms of the human cranium, anything 
answering, in however sliifht a dejrree, to 
this revolution of the side and roof Ijoues of 
the skull upon the ba.sicranial axis obs Tved 
upon so great a scale in the inammaiian 
series? Numerous observations lead ii»e to 
believe that we must answer this question in 
the affirmative 

The diagrams in Ftp. 29 are reduced from 
very carefully made diajrrams of seciionn of 
four skulls, two round and orthodnathous, 
two long and prognathous, taken longitudi- 



nally and vertically, throagh the middle. The 
sectional diasrrams then have been superlm- 
])osed in such a manner that the basal axes 
of the skulls coincide by their anterior endflr 
and in their direction. The deviations of the 
rest of the contours (which represent the in- 
terior of the skulls only) show the differ- 
ences of the skulls from one another wiien 
these axes are regarded as relatively fixed 
lines. 

The dark contours are those of an Austra- 
lian and of a Negro skull ; the light contours 
»re those of a Tartar skull, in the Museum of 
the Royal College of Surgeons ; and of a 
well-developed round skull from a cemetery 
in Constantinople, of uncertain race, An my 
own possession. 

It appears, at once, from these views, that 
the proofuathous skulls, so far as their jaws 
are concerned, do really differ from theor- 
tho<rnatliou8 in mucli the same way 9M, 
though to a far lesn dejjree than, the skulls 
of the ln\v«'r mainm;)l8 differ from those of 
Man. Furthermore, the plane of the occl- 
])ital foramen (b. c.) forms a somewhat 
smaller an^le with the axis in these particu- 
lar pro^rnathous skulls than in the oithogna- 
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UintM t Bml Ilio liku miiy bo elighHy Irue ol 
tbe iietf.iiiilcil Jilnli' ii£ llii; elhnioiii— tliDuch 
ttiift pnliU i^ :ii't to cinir. But it h sln^jiulHr 
to rcniiuik llmt, in lOioUicr te?iii^Ll, IIib prog- 
OalliOUSfkmis lire Itds iipc-liUf iliim (lie or- 

d«;iitoill)f more iic ' * 



ihufl 



iliiin in the (II 



thnirniiilxiii^ skulls. 
: li n'ill lit' iiliscrved llint Ihcst dingrnina re 
TMI hii iinmrnso Mnge ot viiriiiU'ia in Ihe 
capncllv niifl fliiiivQ ]n"porl' 

WCls rt ('!■ 'iiTrr.';-r rr%"i(ii 



Bdlnned of mi?i 
nortlicm and e 
there live tlie niotil bi'uRliyccpliiilic. ofilio^'' 
nfttlioua, Blraiglit-Unired, yMlluw-sliiiiutil nf 
men— the Tariara mill Calmutks. The two 
enda of tills imaglnHry liuu are itji)L''.(l. sri lo 
speak. ellmologlcal anlipodta. A line ilniwu 
lit ripht iinglea, or nwtrly so, tn iliis poliir 
?rie tlimiijrli Europe n ml Sixilliern A»ia :d 
Hindtwlan, would Rive ns a sort of equalor, 
aro'-ind wliicU niund-liuiulfd. oval-ljctidcd, 



tttotliocniniul aaiioMong-liciirlctl, pH-!,'n 
of llie i^avily nallious, lair rrl ■(■;■': i ■( 


llm'iisHDdfMlhng- 


-— Iml (lono pos- 


the different sessini; t!if i - ■ 


-.1 oli.mcleraot 


n Ihu extent to Culmudc nj . . 




the cerehellnr Itisw.iKii .. ■. 


■".'[■'.■'"ivyous ot 


--liiilUFig. 30. llieanliiwild f.i. - .1 ■ m 


.■..■.l.iiiirflimale, 


:.'i.>r .T.ii.'brrLl Uii; LTLMlt.sl coiilni^ ihc- 


votlil allords, por- 


.^1 .1-i.j"). ii:ni., li.'iui; that helwec 


lliu damp, hot. 





;:;:;;,;;; 1,^,,;,;, 


.ublilllll to 






■.vs ;i single 


sknll wbi.l. is 


ntil MM'dfd limii 


iiiclinallj— 








Uniifrl lviir\h 


< Willi a iiiiralier 


f others of 


whidil turmn 


Rpi^iik in lljispiac 


e, are deter- 



tuliiilak'd with reference to the 
bni-icianial axia, na uoily, for larco nunilier^ 
of bkiillMof tliediETercnt races of mankind, 
1 do not lliiiik wc shall have any very 
iflfii hiiuH for llini elhiiolo^cal cianialo^ 
whith iwi'iips lo nivp Ihe amiiomical charac- 
ter of lliL- firiini!! o( the diffc-trnt rates of 
manlfliid- 

A'. [iri"scul. I hclicvo that the cencnil out- 
litHMur »htit may l)u safely sulU upon that 
MilijecC iiii.y Iki 8iiiiiriie<l up in a vfciy few 
wonls. l»riiw a line on a globe from ihe 
G<ild t^Oiisi in Western Africa lo Iho steppes 
of Tcriiiry. At ihu sonlliovn ucd wesletn 
end t4 iLut lino llif.ro live Ihtt most iluliclio- 
ecphailc, yro^n^tthDus, curly-haired, dork- 



alluvial coast plains of the Weal 
_. _i 

winter, ami as far from the sea aa iiuy part 
of the world can be. 

From Central Asipi eastward to Ihe Paeiflc 
Islands and (!uh-coa:ineul9 Oa the one hand, 
and to America on llio other, brndiycephaly 
aad orthognathism gradually iliminiiib, ana 
are replaced by dalichoceplittly and progna- 
thism, less, ho^vcvcr, on the American Oon- 
tineat (throughout Iho whole lenglhof which 
a rounded type of skull prevulls largely, but 
not exeliisivcly) than in llio Pucilic region, 
where, at len;;lli, on tlio Ausu-alian Conti- 
nent and in Diu adjiicuut !<i!:inda, the oblong 
skul!. Ill:' ]i'-,ilLi'lii'i;; jiiws. and the dark skin 
rr.ii'v.Mr : wall ■■ 1 niiich di'parlure, in Other 
rr'-|i..ii, ii.j:ii 111' Ni-ijri) type, Ihalelbnolo- 
gj-i.- .i.-vi; ii Hi ■■■- people the special llllo 

The Aiuiraliriii skull is remarkahlo for ita 
narrowness and forlhi) thicknufsof its walls, 
especially in the region of the eupraciliary 
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^^^H Tidn, wbicli U frcqiitiiiili-, ilimigh uot tiy 
^^^B any miitnsiuiiiHiibly. s,1i'l iljroiij^bout, Llie 
^^^B friTulul sitiiisG<! runiKiiimj iindevi'topcd. The 
^^^^^B Haul Uciircseioa. iigitin, ly cxlrcmeiy Bndden, 
^^^^H so Uiul tile brawa orortmni; asd girc Uxe 
^^^^H cnuatennuE^ t partlcukitly Jinering. '.hreat- 
^^^F ening expretamn. The nrclpiral iei;\nn of 
^^^" tho skull, also, nol unfrequcnily hueonics 
f less proraincnl ; bo ihnt it not only fails to 

projtcl beyond a line drown perpcndiculBr lo 
I llieliindurexlremili'of Ihu j.'iabii|lo.occipital 

^^^ line, but tvi'ii, iu Bomv -wseB. lirgins lo sheLvo 
^^^M iiwiiy from it. ftirwan!. ulnmst iiuniedialely. 
^^^H 111 cODBcqueuci: of 1[>U cirauinsUDce the 
^^^H purtsofTlie occipiud L-ni'ii whivli lie tibove 
^^^P uqlI below the tiiheroslly iimkc a, much more 
^^^" uculcansi'u witliODuaDoHJcr il:nu is usual 
fl wliLTuby tLubiudcrpait of Uie bust of llie 

, Bki/U appears nbliquely trunratcd. Mauv 

I Auatralliin sbulls huvu ii considerable htighi. 

I quite t-qiifll lo that of Iho avprage of auy 

oiher mee, but there are others ia which the 
I cranial root liecomes remurkably depressed, 

I the Bkull, at the same time, e'lougEtinp so 

ffiucl that, probably, Us caDaclly is notdi- 



mmlslied. Thf tniilnril v of lUiilla pnsseKil 
these chnraclei's wlileh I linvi' seen lire frt) 
Ibe neichliiirhcind of Port AiielHide in Sou 
AuHtralia, and have been -.iBsd bylhe nattTi 
as water venaela ; to wbidi ond the face am 
been knoeked away, and a »ttin^ pasan 
through the vacuity nnd Ihe iiccinitoi fori 
men, bO that the skul! was Euspended by tl 
grcatur part of lis liasis, 

Fi^, 30 represtnls the contour of a fiki.. 
of this klud from Wptlern Port, with Ihv 
Jaw attnchetl, nnd oF the Neanilerthal skull 
both reducod lo one (bird of the size of na 
lure. A Biuull addilioual amount of flHtteil 
ing and lenglhcninj;, wrih a correspondiiij 
increase of the Huprnciliary rldgu, ■» — '»^" 
convert the Australian brain -caEe into a 
identical with that of the aberrant fosal. 

And now. lo return to the fossil akuB^ 
and !□ the rank which they oecupy among, o 
beyond, llicso existing vacietipB of cran'" 
conformation. In Ihe fir.it place, I mi 
remark, that, as ProfesFor tV^hmcrltng ^n 
observed {»uOTw.p.233)io corctnenting up 
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tli« Engis ekiill, llie rnniiaiiaQofHsare jadfr- 
ttwml upuu tbu qtit'Miuii is ;;really lilndereil 
by llio uljsoncu of tlie jiiwa from Iwlli 



.tlhere i»n . 

with cerialutv, wUuilier tlie; xruV' 



laordfc 



liHt'. 



I pnignntlm 



I lliuu tlis 



lUiid. 



»n, it is inurt) In tills iKK|j(-ct llian nuy 
«tlicr, that liuiiiun fkulle vtir/, t'WBTd und 
from, ilm btiitnl type— ibu bmiii-iniw uf nii 
Avunge dulicliDcepliKrio Eura[ieaii d.Si^iiii^ 
fiir leas iMin tlial ut :i Negiw. fur einiujilu, 
tban liiB Juws do. In iU>i itOwncti of iliu 
j«n-s. liieii, wiy juiif(uicut on tljo relatiouri iif 
the (os^il ekulla in rccnnt races tiiust be ni;- 
Mpled Willi a rerialn TeBtrvuiioii. 

lliit laktuj; Ilia evidence as il stondn, and 
tumiiJg' tirai to lUo Engls bSuII, 1 confefa 1 
can fiud an chamcti^r in t'lc reimuDS of tUnt 
rmniuiu iiliicli, if ic were n recent skull. 
would giVB any Itustworllij duo aa to ilie 
tatn to wliich it iniKlit nppertAiu. Its caa- 
tourBMHilluBoaufemuQtaagfeoTery WL'll ivilli 
thoBO uf Kome Australian ukulis Wlitijli Miuvii 
eiaiiiiiii.>d — and e»pecially lias it -i. tvndi^nc; 
toward that occljiital lliiltcniii;;, (n the (treui 
DXlentottvUidi, lu Bamn .^iiaimllaii skull.-', 
lUve alluded, Uut all Auairnllnn fhllllsa<> 
not presant tlilB HaLieniD^, nuil tliu Bupracit- 
huT Tid£H ottlio L^ngU skull ia qaito iinllko 
t^t of tliii lyiiiL'ul AustrnliaiiB. 

On tliu other huid, its muaearcmeuts agroo 
rqnally well with tlinse of aiimu Eun>|<caii 
BkuUa. And aasarudiy. tlik.-ra Is 1:1? iii«rk nt 
deEDwlatiun iiliout any jiart uf iis HtfuAnri-. 
It 19, ill fnct, tL fair uwra^ liumiia rilMU. 
wlitelt iiii;-lit ImvB bclonEi-ii Ifiu ]iliilri«;-Vr. 
OF miglit liavo coiKuinel lac lliousIiilifEa 
bn'iDB i>l a. savage. 

Tlta case uftlio NcnnJertluil RkjUia"sri,- 
filSfrent. Under wlialover nspci* i#o fii'ir 
tills cmninm, whellier we regard Us tpnicul 
dqtrrasiciD. ilis onornious lliicknfsi nt itd 
pnpraciliary ridKea, its alopinir <iccl|Fut. or Ux 
lonRp and atniiglit equamoaul suture, vv meet 
witu npc-lllie cliaractere, etainplug it ns Uio 
most iiilliecoid of liutcnn cramu, ji-t di:icor- 
*red. Hut ProfpBBor Scliaaffhausen elalea 
(ftmra, p. S4I), lliit iliu emnium, in its prea- 
«Ql couditioit. holds 10))11.34 cubic cenii- 
motri.'s of water, or olmot (13 cubic iiicIh'P, 
andaslbei-ntiretiknll could liardlfliareLeld 
lesa tlian an addiilonul 13 cubic Inches, its 
opacity may be eBtlmated at nbnnt 75 ciibiu 
inclies. wliicb Is ihe average capauiry glvi'n 
Iw Morton for Polynesliiu and Hottuniot 
^ullx. 

So targe a mnss ..f brniu na lliis ivnul.l 

iadlcated by this -fciill, <Vn\ m.L i:;l.ml i|-i-|i 
talo the organlzuiiiiii ; uu<! tl.: 1 i-..t,i'lu:-L"ji is 
UiTDH out by ll.e diuieiisioin i,f iii. ..rliir 
bontti <-f tli.j ski'li'lun t;'''"''" '"■" '■''' ' ■-" 

ScliauRliau8Bn,i»hic.ln.lir>i>tliai.ii 

Itri^hlanil relativo I'miKiriiiiiiH "[ ; ■ 
wpre quite thoae of u>i Kuro|ii'iiii .1 
UK. The bnnea ore imlced ^inuii r, '. 
lad tha great devi'lopmentordiB ]iig:»tu- 
"* 1 noted hy Dr. BtliBfliTli 



Palagiinlana, exposed without shelter or pro- 
tiM:tiuu III n liiniDte pcnsibly not very dtesim- 
ilni' I'miu ilint of Europe at the time ilnriiig 
wliitiL ihu fJi-on<Ieribiil man lived, are rt- 
iiiiirUablu t>.'r tUu BiouiDess of their limb 

liL no Rerp.i, llipn, can the Nennderlbal 
1ioiiu» be n-piidfd as tliK remains of a human 
bfijij; iiilfrnirdiute between Men uiid Apea. 
At muBl, ility denmnstraio ibe exlHietici- of a 
Mau wliunu «hall may be ntid to invert tome- 
what toward iliu pitliHCOul lype^— juai aa k 
Currier, or a Pootev, nr a Tumbler, mw 
Roinetimea ]iut on Ibu plumage of ila primf- 
live stock, the ''oliimht thin. And indeed, 
though truly III! ; must piihtcoid of knowii 
iinman skulls, ibo Neanderllial cinnium is by 
no ineans bo isolated as It appears 10 he at 
lirst. but forms, in reality, the extreme term 
cf a aeries leading gradually from it to the 
highest and best Hevelopeil of human crania. 
On the one hand, it is closely Bp]>rouched by 
the flattened AuBtralian sknIlB, ot which I 
hnvo spoken, from which olber Australian 
fiiruis lead us gradually up 10 skulls having 
very much the type ol the Eiigia craiiSmn. 
And, on the other hand, it is even more 
clo»e)y affined Mtlie tkulla ot certain ancieot 
pcoplu who Inhabited Denmark ilurin}; the 
" stono period." and were probably either 
mniempiinineans tvhli, or later tUan. the 
jnakcra of the "rpluae heaps," or ■' Kjok- 
keniiiQddmiia" of that country. 

The correspondence beiww;ii the hiiigltudi 
nal contour of the Nennderlhul skull and 
tliat of some of tlioao i^kulU from the tumuli 
lit liorreby, very accurate itrawiiigs of which 
have been made by Mr. Bunk, is vpry elOM. 
The occiput ia quite aa retreat! nj;, the Bupra- 
ciliary ridges am nenrly as prominent, and 
the skull ia as low. Furthermore, the Borre- 
by skull lesi'mhh-s tlie Nmiiderthiil form 
more closely ihsii any ot the Ausiralinn skulls 
do, by the much more rapid retrticeasit'O of 
the loreheaii. Oathoother liatid, the Borre- 
by sknlla are all somewhat briiadBT, in pro- 
portion to their length, tlmii the Neanderthal 
pkiill. whilo some attain lliai proportion of 
hrendih to length [8U : IftOJ which coustitutM 
hrachycpphnly. 

In coucTushm, 1 may say '.bat the fossU 
remains of Man hitherto di^^covered do not 
aeeni to mo to taks ua appfetiably nearer to 
that hiwvr pithecoid font:, by ihu modlliea- 
tiun of Wii''h he .las, iiroiwldy, become what 
Iin is. And considering what la now known 
of tlie most ancient rar- a "f inrn ; Feeing 
iliat they fashioned flintsxea and flint knivea 
nnii bonu-pkower* of much tlie same paitcrn 
as those tuhrlmted by thu lowest savages st 
ihri present dnv, mid that we liavo every 
.... „ ,n , . |.,,f;, :.,. ,(,„ l,ai,iig gnd iiiodes of 

; !'■ to huve remained llie 

'' ' I" "f tli[< Mammoth and the 
...■r..niillnow,Idonotknow 
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or miocene, or yet more ancient? In still if anv fonn of the doctrine ortpro.srreeaive de. 

older strata do the fossilized liones of nn Ape velopment is corr*'Ct, we must extend by long: 

more anthropoid or a Man more pithecoid eiKichs the most liberal esiiniate that baa yet 

than any yet known await the researches of been made of the antiquity of man, 
some unborn paleontologist ? the end. 

Time will show. But, in the mean while, 
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LECTURE L that kind of judgment which has been f ormea 

PRESENT conditio:^ OP ORGANIC ^3' ^ ™«°» ^^^?» ^^ course, is liable to judge 

NATURE. erroneously ; but, at any rate, of one whose 

business and profession it is to f(»rm judg- 
"When it was my duty to consider what ments upon questions of this nature, 
subject I would select for the six lectures And bere. as it will always happen when 
which I shall now have the pleasure of de- dealins? with an extensive subject, the grealcr 
livermg to you, it occurred to me that I could part of my course — if, indeed, so small a num- 
not do better than endeavor to put l)efore you ber of lectures can be properly culled a courso 
IQ a true light, or in what 1 miffht perhaps — must be devoted to preliminary matters, or 
with more modesty call, that which I con- rather to a statement of those facts ariii of 
ceive myself to be the true light the pcsUioa those prhiciples which the work itself dwells 
of a *book which has been, more praised and upon, and brings more or less directly before 
ocfe abused, perhaps, tnaE any book which us. I have n^ risrht to suppose that all or any 
has appeared for some years— 1 mean Mr. of you are naturalists ; and even if you were, 
Darwin's work on the ** Origin of Species.'* the misconceptions and misnnrlerstjmilings 
That work, I doubt not, many of y m have prevalent evpn among naturalists on these 
Ttsad ; for I Isnow tho inquiring spirit which matters would make it desirable thnt [ should 
is rife among you. At any rate, all of you take the course 1 now propose to take — ihatl 
vrill Imve heard of it — some by one kind of should start from the beginning — tint T. should 
report and some by another kind of report; endeavor to point out what is the existing 
(beatteotioQ of all and tho curiosity of ail state of the organic world— that I should 
have been pnibably more or less excited on point out its past condition — that 1 stiould 
thesabject of that work. All I can do. and state what is the precise nature of the under- 
all 1 shall attempt to do, is to put befute you taking which Mr. D&rf3mV!ks>&\a^sA\lm\l^\^^\ 
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that I fhould CDilpnviir to show you wbnt are 
Uie iiu\y mtil.rids liv wliicli lliat unrierlakins 
cull lipliMUfrlillo an issue, audio point out to 
yoiihowfartheBUIhoriirtheworklniiueBllcn 
baa GaM^fleil ihose condilluiia, liow for lie liits 
not eatisfiert Ihem. howfarlhey nreBulisBnble 
hy man, uml iiow far tliey ure not antisliBblo 
by man. And for to-nigUt. In Inking up ihe 
first part of lliia queiitlon. I sball f ndcDvnr lo 

Eat before ynii n soil t'f broad notion of our 
nowIedffB of Uie condition of lliu living 
world. Tliero ure muny waye of dti'-ng Ihia. 
1 inlglit deal Willi it plfloiially »nd graplii- 
cally. Followlnc the example of Humlioldt in 
bis " Aspects of Ualure," T mijrlit i-ndeavor 
to point out tbe inKnitn variety of oiganic life 
In every mode of its FxiBti?i)CL', wllb leferGQce 
tothe vncislionB of climate andllie like : and 
anch an allempt 'would Ihi fraught niih in- 
terest to U3 all i liiit tonstdatlng the subject 
before ua, hucIi j courae wonldDOt bo Ihat 
beit cfllenliiied tn assist iis. In iin nrpnment 
of thiskiml wemustgofarlherund dig deeper 
Into the mHller ; we iiuisi endeavor lo look 
into the foundationaof living nature, if I may 
so Buy. nod diacovcrtlioprincipltB Invoked in 
■ODUiof liermustsucrclupcrntioua. I pruposo, 
Ihcrefora. in llii-firet place, to take souieordi- 
nanr anlinitl witJi which you are all fnmiliar, 
una. tiycasilycomprcliuDsiUloandubrinusex- 
ampka drann from It, Id show what arc the 
tiind of problL-ins wbicli living beings in gen- 
eral Iny bufare us ; and I sliall llien sliow yuii 
that llie samu problems nre laid open to ua by 
alt kinds of living licings. But, firbt. let me 
say In whatsenso I have used the words " or- 
giialc niiture." In speaking of tlie causes 
which kad 10 oiir present knowledge of or- 
pmic nature, 1 linve used it nlmosl as an 
equivalent of Ibe word" living," and for this 
reason — tbnl; in olmnat all living beings you 
can distinguiiih several dialinet portions set 
apart 1(1 da pirlienlar things and work in h, 
particular wiiy. Tlieae ate termini ' ' organs. ' ' 
and the whole tngolher is called "organic." 
And as it is imiverpally tharaclLTislic of tbem, 
(bU term "organic" lina been very con- 
veniently emphi.VLd to dcnolo tlie whole of 
living nature — [be whole of the plaot world, 
■nd ttie whole of Ibo animal world. 

Few animals can be inoru fiiinillar' ti> you 
than that whose skeleton is shown oa this di- 
agram. Yoii need nut bolberyuurutivea with 
tbls " Ekfuun eairUluft" writleu under it ; that 
Es only tba Latin nnmu of it, and does not 
mfllie it nuy better. It simpl;^ means the 
comnion liorsu. Suppose we ivLsii to under- 
stand all about tliu liorse. Our first object 
liust be to smdy iho structure of the animal, 
iliewbole of his body is inclosed within n 

dde, a skin covered with hair ; and it Ihiit 
llde or skin be tukenotf, wo find a great muss 
of flesh, or what is lecbnit^llycalleil muscle, 
bsiug Ibe substance whicb by its power of 
conlractioD enables Ibe aniniul to itjove. 
These muscles mciva tlie bard purls one upon 
the other, audsu give that streoglhand power 
of motion which renders Ibe bome so useful 
to us in (he performsnce of Ibuse services in 
which we employ Ihein. 



Anil then, nn sepnrnllng and removing d) 
whole of Ibis ^kin and Hesli. yiiti biive »|i[eii 
aerias of bones, bard slructurps. bmind t<1 
getber with ligiifflenlit. anl fLuminj; Ihu ntitil 
eton which is represented tieiv. 

In thiitskeklontbereiiro a uumlier of pari 
to be recognized. This long series uf LiODet, 
beginniuK from the akult and ending !n Ihi 
tall, la called Ihospinp.ond these in fTODt ai 
the tibs ; am! Iheo lliere aro two pain ( 
limbs, ono before and one behind ; and tke*. 
arc what we all know as the fuie-lijgs *nd Ihi 
hiud-lega. If we pursue our researches Inl 
lUu interior of this animal, we find within tti 
framework of Ibo tkeieton ti great cavitj', t 
raiber, Ishouhl say, two great cavitiea— on 
cavity licgiooine in the skull lud runnin 
1hTDU!;li tbu mck-bunes, along the spine, an 
ending In ibe tail, conlaiuinir the brain nn 
Ibe spinal marrow, which are extremely in 
portuot organs. Tlie secoo'l great carily, 
commencing wilb the moatb, contains Ik 
guttet, tlio stomach, the long iatesline, and a 
the rest of those Internal apparatus which ni 
essential for diKestion ; and then in the sam 
;;reat cavit.- there are lodged the heart an 
all the great vessels going from it ; and, bi 
sides tiiat, the orgens of respiraiion — tb 
lungs ; no ' then the kidneys, and the orgai 
of ruprodiiclio: , and so on. Let tis now ei 
deavor lo reduce lliis notion nf a horse ihi 
we now buve, to some Buch kind of simpli 
expression ua can bo at once, and withoO 
dlQlculty, retained in the mind, nptrt from a" 
minor debiils. If ImaEiealransverseseclioi 
that is, if I were to saw h dead horse acinsi 
i should Dad that, if I left out the deuili 
and su,]p0Eing 1 look my section tbroagh Iba 
anterinr rcKii>n, and through Ihe foreJuut 
1 siiould tiaro here this kind of secllun of t 
body (Fig. 1). Here would be the upper 
of the nnimul— Ibat great moss of lionen 
we spoke of as the spine (o, Fig. 1). Hi 
should have the ahmenlary canal (i. Fig. IV 
Here I should baye Ibe heart (e, Fig. Il ; m 
then you Bee, there would beakindof douhl. 
lube. The whoio being inclosed within the 
hide; ths spinal marrow would be placed in: 
llio upper lobe (n. Fin. 1), iind in Ibe lowee 
lube (6, Fig. 1) there would be thenliraenlBTf 
canal and Ibe heat t ; and here I shall have tliV 
ie^ proceeding from each side. For ^ni' 
pltuity's sake, I represent them misrely bi 
Blunip9(H«, Fig.lJ. Now that is u horse— as 
muihemuticians woold Esy — reduced 
moBlsimple expression. Carry thatiuyonr 
minds, if you please, as a simpbded idea i>t 
the structure of the iiorse. The uoosidera- 
tliins which I have now put before you bo- 
long to whnt we lecbnically call the "' aoul- 
omy" uf Ihe horse. Now, suppose we go tu 
woik upon tbeaeseveral parts— fle.sh audhnir, 
and skin and bono— and lay opcu Ibese vorll- 
ous organs wilb our scalpels, and exa"" — 
tbem by means of our magnlfying-gli 
unil see what we can make of them, 
shall find that Ihu HeBh is made up of bundlol' 
of strong fibres. The bniin nod nertes, " 

we fibalt find, nre made up of fibres, 

these queer-looking things that are c&lled 
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gonelionic porpusules. If we tiikc ii tUce of 
tbe UoDK and •^xatuiiiD it. wosbnll I'mil ilitiL it 
i> very liku this tlinirrnm nf n Bccliun of ilio 
tmnn o( an ostticli. Uv.a"\i diffeiiiip:, (if 
a Eumo deliiils ; nmi if -wo Inku miy 



1 wlluloiiiiVpr nf I 



ml ( 



Thiiileuulyuii>k-rilii!tniL'niGc^npc. All iIiceb 
[mrfs ponsliliilo miei'oscrtpic anuiuriiy or 
■■ Mi-fil'-rv ■' Thfau pnrla ore (.■yiiHlniilIy 

■ ■■ ' ■ •-'■■ I ; CVfry pstt i* ctnalanlly 

viiif^.Hiiilbciiisicplacied during 
'rir animal. Tl>B iIsbuu ia c<id- 
* muteTin! ; end if yon 



i|!yi>iiiij,'si 



MifllK'.' 



r,f 6kiD 



nlliB 



Bffvry 






ppFok merely of ido gea- 
eral cliBtnclcr n( dio wliole proeeBS)— every 
oaattt llii'Bu pnris — I'l^ulrt lie uaii^ dnwn lu 
•omcmiKliflpiitlon of n lissiie wliicli mn lie 
reiulil."i1lvi(ii.'il Into iitllepiirlinlis of Ilesliy 
Dialler, of i)t:i[ iiiliBlunce wliit'li ix cuiiipcin'il 
of llle chemiCHl elettiftilii, rnrliiio, lijilrogtn. 
ixyseil, nnd nilrogcn, liHViDjr BUi'li n slmjw 
H litis (Fig. 2). Tbeae particles, iuto wiuuti 




•n Btfauilive tiwueslireiUiiip. ftrecalled rtllH. 
Iff wen* to make ii fi'Ciuin of u pii'ce of liie 
ritin of my hnnd. I tliuuld find llmt it wm 
mndv np uf liio^ecrlU. If I vxamine llm 
Sbrci witicii fanti IIil- ftinniiH orimnti i<f nil 
ItviDK&iiiiiuilJf. Ihliiiuld find thai iil of ilicm, 
UtiM lime tir Atlicr. hiul been formed on' 
4if •Mibtl'.mi'i^i^niislKllujjnf aiiiiiliir ilemrtile . 
•oUwtyouMiu.jiuiBawert^luLi'U iliu wlii.:^ 



liody iji iliu jiriiiiH n Hiut HOit iif slmplu ex- 
]iic>»i(iiiSiitri iu rig. 1, so wo may ifdnce 
liio wliirlu of iliu iriic] oficopic sliufiimil tic- 
mmis lit H foriu of eren sreiiier Bimpliciiy ; 
juiit us Ihu pliiu of llie 'wliolu lindy miiy lie 
Hii n.-prei«eute(l in a. kdbc (Fig. 1). sn ibe pri- 
itiiiry siiuLture of every lissiie niny bo lepie- 
Ecuiedby amftsflofcella (Fig. 2). 

Unvltig tiius. in ihiti BDit uf ^neial way. 
nkntcLed to you wlial I may cull, petbnpa. 
liiu 111 L'hilcci lira of llie body of Ibc liorw 
(whiit wo (crm teclmicany iU morplioiugy), 
t must uow tuin to unci hei aspect, A Iioim 
is nut a iiiur<? dcud eirucluie : it is an uc[ive, 
Iif ing, working mnchim". Hitherto we huvn, 
as it wen-, buca looking nt u sleam-ODKine 
will) the llicii mit, and nolLiociii liio boiler , 
but the iKiily of Ihc living ammal is a beau- 
llfitlly-foniicd ocllvo macbinf, and every part 
haa \ls dilTt;reot '^nrk lu do in the wuiking 
of lliut iiiDOliine, wbicb is wliat wc call ila 
life. Tbe korse, if you see Um after hia 
day's wnrk is clone, la cropping the grusa ii 
the fittlda, us it may be, or muncJiicglbe oaU 
iubiaslabic What is be doing ? Bisjuwa 
1110 wurkjog as n mill — and a very complex 
mill too — giioiiiDgibocoTn, or eiuBlilDgilie 
grass to a pulp. As soon as Ibat oneiutloa 
lins taken place, tbe food is paascd duwn to 
tbc tilomsch, and there it la mixed wilb Ibe 
cbemicHi fluid culled Ibu gaiitric juice, a Bub> 
elanca wbidi liaa tbe peculiar property of 
makiog xolublc and diaaolting out tlie nulrl- 
tlous mutter in tliu gcaat^. and leaving bebiud 
tbOEe parts wbicb aie not nutritious ; go thai 
j'ou have, flret, Ibu mill, tbcnaBOtt of rJiem 
leal (lige»t«r ; and then the food, thus par- 
tiHlly (lUaolveii. is cm tied tuck by ibe muB- 
culur contractions of tbe inleslinra into iba 
biuder parts (if ibe body, wbilu tbe Kolubk 
poitiansBte lakvo up iuto tbe Mood. TbM 
blood is contained in a vutt Fyst«m uf pipM, 
tprtading tbroiigb tbu whole Iwdy, cnnnecird 
with ftfoii*-pump — Ibi'lieatl — wlilcb, by Ht 
IHjsition and by tbe coiili actions nf its ralvcu, 
krepa the blood consliintly circolatjntt in one 
direction, never ailuwlnt; It loiesl ; ::iuUbe&, 
liy mi'uns of tbls circulation of Ibu bliiud, 
litdin as it is with tbe products of digislinn, 
tliu tkia. the fleth, the hair, and «vciy otbti 
riiit of Ibu licdy. diDws firm it thai whlck 
U wuDls, nnd e*try one of Ibttp orjjanB de- 
I ivca ibuse niBleiials wbich are iiecesGiijy !• 
enable it in do its wnik. 

The action of cacli of these nrgaos, the 
peifoimaueo of eiicb of tbcM various dntiex, 
involve In their opera I ion neoniiniinl abeurp- 
lion of tbe malltrs nectcsary for Iheir sup- 
poll, from tbe blond, und a constant fonna- 
iiin of wuslu prudui'la, which aio ictumed tm 
tbu blood, and convtyed by it to tlie luogi 
und tbe kidueya, wbit b are organs that bate 
allulled to Ibetn Ibp oltlce of cxtractlDg, up- 
aruliug, nnd gelling lid cf Ibe^e u-iitle pru- 
diiule ; and Ibits Ibe {.'tneral noiii IsbmeDt. 
lalior. anil lepuir of ibe wbote macbioe ia 
kept tip with order and regularity. But iiirt 
only ia it n m'icbine which feeda und Nppr<^- 
piiiilK^ III its own fupport llie souiibbmcBt 
nucexsaiy to Ua ex\t>\K,uc«-A\.\& 
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jriocoRioli*epoipoM8, Tliehnrae dc^rra 
10 go ficm oou plucB to aoutber ; End lu 
jMble it to cto thin, it bsa IIiiim: fUong cod- 
l inctito bundles of mueclea alioclicd lo ibc 
I bone* of lla limbs, wbiclk are put in motiun 
I lif tnrnna of a ton of ii'leginpliic sppnr&Ius 
I brmcd iijibnl-rninaad IlieKfeat »piiiBl ciifd 
I nuiiiitig ilinitigb lUcapiiieor backbone ; aud 
I to Uite ■piufti cotii aiu nltacbetl a niinilicr vt 
I Abroa temeii nervei, whicii procei^ ig all 
itot Ibe iliuciure. By means of Ibesu 
Of M, nfMe. lungiic. Bnn ekin — nil Ibe or- 
is of pt-icflplifln — ltun>'niit impre^lunn or 
iitliona lo Ibe brain, which acts aa a sort 
t ceniral (I'legrapli office, receirtng 
,. Itm* tinil aeaillag niatsagea lo nil 
.. "if Uio body, and puiiini; in motion the 
EminvlGa QccCMary lo nccoinpliah any move- 
litifeul iliol miiy 1;;' dtBireil. S^lhal here you 
K-)iiiv« nil cKlii-iiiciy complc:^ bniI UcniUiruily- 
I ffnporliiinuil machine, wiih all its pnria 
Livoiklng hDrmonintisly toirL-lher totvunl nno 
KitiOninin object — ibe ptcservaLJou of lbs tiCe 
f-Af Ibenniinik!. 

How, note Ibis : ilie horse mnki-s up its 
■VMld by frvdiug, and 11b food U gruaB or 
. NKKi or p«rbupa olbcr vegetable pruducla ; 
|i tlwrvrorc, in Iha )oag nm. the bouico of all 
I Tht* complux mtu'liloery Ilea in the vegelnblo 
' kingdom. But where doei the grass, ur ibc 
flat, or nny Diher plant, uhtaia ibU nmirlsb- 
tne food priHludng materia I ! At drat it is 
K mill! ncul. which Hoou begins to draw into 
ItHL'lf from Ihe t-ndh nud Um Biirroiindmg air 
malturN which iu lli(.-mM!lTC3 caultiin ni> vliul 
propartluB wlintevcr ; it absorbs iuto ils own 
tubRlnnce water, nn iiiorpauic body ; It 
drawa Into itB aubalnnca cntbuuicncld, un In- 
orgauiG matter ; iind ammonia, nuolbcr io- 
orgnnie maiLer, tLiuii'l in Uio air : and llicn. 
by Bumo wnLidorful ihtiniiiil pincwis, llie de- 
tail •! nl wliiiU chuiiiiftia do not yet imder- 
Hliiiid. iliDii);!) ilicyiiro nr:ir furcshndiiwing 
llii'iii. il RoiiiliiiiL'a llii^in Into one aiibKlancu, 
wliiili !■< known to ua an " prnldue." u com. 
pli>x (.'oiiipuiind iif caibuQ, hydrogen, 
oxyuL'ti, iind niltngen. which alnnw poasfssts 
Ihi' pri)|H!rty of mnnifwilint; »itiili(y aud of 
pi;rmiku<.>utly BLippc.rllng uriitniil liTu. tin 
thill. yoH SCO. llio wnsle prodiiuis i>f llie nni- 
mul ec>itii>my, ihe itffuiu muleriala which nio 
oonliiimdly tiuing Ihrnwnoir by idl living he- 
InfC^, in llio f""" "f nrgjiiilu mnllerB, urn 
ronsiriully ri'pli»>i>(i tiy stipplii's of the iihcch- 



lict us Irace out Iho hlKtnryuf Ihii bnrse in 
annthur ilireclinn, A.tlar ai-eitaln lliue, as 
IIm rusult of sicWnes^ wdiseiisp, iiii-cltect of 
ftOciilenl, or IIm ('nn.-i>t)iir'ii,>ii m' i,lil nee, 

tudlnoll»oi>-'rnii.M,. , . - .. riiim- 

Itm Ihig in ili'ii' i'. ■ I I :i ■ I ■■ • i. -iL's 

hM vigor, uo(l,ifiri|M".i:j II,-. .1.1, i.i..,-nri. 

. lion and pi'L-Siirviiii.m, it liiinlly ili:ciiys, and 
iailsllfa by giilnglisck into thai mk>r(;>uia 



world Trom wliii^t ail but nn ItuppieeiaMa 
frarttOD of ild BTiUBlnare wim tl«rifoil. Jl~ 
Innes ba^iini*! nieie utrlhinaiu aitJ pb-igphaii 
of lime ; (bu iiullcr of ils tt^ih, anil of ii 
oilier parii, l)cci>m«s, in the \nag rno, lion 
Tvrltnl into cnilHtnic kcji), iutj w:)ter. Snil 
inlo ainiU'Hiitv. Yna wilt now inrlMp* 

di;rslB3d tlie i-urinns relation «f lltu nai 

will) ihti planl. of tlia on^nic wiib Iha io.. 
orgsiic wurld, wbich u ebutcu iu lUia dia- 
eram. 

The plant s^lbcrs these iaiir^nic rnaterjalc 
toL'etlier and makes lliem np talo its owi 
HubHtonce. The i:uima1 ttnta Ibe plant uu 
appropriates Uia nuiniiiius pnrliuns ta iL 
v, rej^s and gela rid uF Ibi 
' ' illy, tlic animal "" 
ody is dccumpi 

d ictiirncd lato .Ibo ianrgHeic world. 
There is I liiii a constant circuluiion from oni 
to Ihe oilK-r, ;i caniinunl formalinn of or 
ganic tifu from inorgimlc malleis, and m 
ciiu9tnnt a rflurn of living bodies to lbs in 
oifrnnic world ; so that Ibe materialaofwbiel 
oilr lindiea are composed are Irirgety, in a1 
pru buhl lily, the siiIihIuiiced which i!>^ 
the matter of lonf; exilni-t cteHiiiitis, uui 
which have in the inlerval couslhuCcd a pail 
of Ihe inoiffiiiiiu world, 

Thus we come lo the conclnsion, elmnM 
at lirat sight, that thomtiitercnuslitiiting tE( 
living W'lrld is identical wiili that nliivU 
forma lliG inaririinle world. And unl IcsBirao. 
ia it llml, remaikalile us are Ibe powers, 
in otber Tvonls. an are the forces which i 
exerti^d liy living hcings, yet all these 
arc eillier Ulenlical with Iboie whieh exist j 
Ihe inorganic world, or Ihey are convertlb 
Into ihi-m : I meiin in liii^l hii- mme senasi 
■ lie rcsearclies nf physical pbilusopbers ba< 
shown liiiit bent is cunvertible Into elpr.lrici^r 
Ihalelecirleily iscuDverlibleiiilo magnetism. 
mftguulisin iuto meehsnica) forcu or chemical 
furcv, and any one of Ihem Into the olber, 
each being meosuinhle in terms of Ibe otbef 
— even so, 1 say, ihat gteut law is applieablo 
lo Iho living world. Consider why is tiia 
EkeletuQ of Ihia horse cupahle of supporting 
Ihe inBat^es of fleah and the vaiioiis orgaaa 
forming Ihe living body, unless it ia beeausa 
of Ihe uoli'Jii of the same forces of cohesion 
whieh eomlilues tngtlber the piinicles of 
mHtlercoinposiaglhis piece of chalk? What 
la there in the mnscnlur contraellle power 
oT the unimiil hnl the force which ia rxpres^- 
ilile, and whieh i^ iu a eerlaia fit-nse ciiuverU 
ihle. into Ihe force of gravity wliich it otot- 
cumes t Or, if yuu go to more bidden pro- 
eea^es, la what does ibo piucessof digeslioii 
illffsr fiom thnse procecaeanhich are carried 
on in the InlioriUory of Iho chemist ? Even 
if wo lake liie innut recondite and most cum- 
piuE operalion^ of nnTmal life — tbOGU of IbQ 
nervous synlem, ilie-upf Inioye&rs biivo beea . 
Fbnwn to be— I do U'lt say iduntical in rat 
HHiise with tbe elecnknl prnixsaee — but IbH- 
lias ticfen sli.-jwn. IhiU lliey nro in some way 
iir other asaoeiiiled wiih ihcm : ibnt is Id aqr. 

cjnipauleJ by u ccilaiu anuiuut of «lot'ldMl 
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1S i* (ho pnrHelM of iho noTTon in 

h tbnt niTVOit!! iii-liiin ixcnui'il rn. In 

« wny tlio iKtrviJuq uLii'iuifl iihiiLil I > i ln-- 

Iricily in (lint IN,,- iv ,, ii;,,t h-.: is MOntnl to 

i-lri'.lriciiy [ niiiM. -I !■ .1 iii^'umi:nl 

Wbti-Jl dl!lll'i]l-l-.ii. ■. I ■ ri-Iu lio 1U-- 

liiiad loonoiiJMii- ' .-.r.i. - ,;,.ii ifu- nervous 
lufcea am i^riirul.ii.i i.- tl.n.UiLuj; for tbc 
cxpurimenls (if M. Duluiii Rc^iaun'l anil 
mluirshavoBliowii lliiu M'bpnever a nor v a is 
Id h stnle of cxcllLincnl, Hcodlng a nicEaigo 
icilie tntindes or couvufiii/; bd impici^i-mii 
lu lli« Drain, lUeiB ia a disturbance of ilic 
elootrlcal cnnJiliaii nf tliut nurvu nliicli docs 
Btfl exist at other litnea ; and Iberu are a 
aumhiir ttf iHUur r«i!B niid plipnomeua cf 
that sort ; ao IbHt vra coma (o tlie brond con- 
cliislon tlinl mil only ns to living matter it- 
Kit, Iml lis tn tbe farpcs (hat nuUer exerts. 
Ibere is a rlni^e relalionsliip hctwcen the oF' 
eninic nnd tbeitwririiiiic world — tbe difference 
hi'lwcn llieni Hriainj; froni Uie dLversu com- 
liiBnllni' mid disposition of idtntitnl forces. 
nti'l not fri'm Hay primary divcrsily. eo fur 

InsUi .lii-l nfiwthiit tlio horse eventiinlly 
died nnd lici'Mme poovcilrti into ibfi sume iii- 
ntent'C- Kiilisti.ueL'B from whcni'c; nil but an 
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-;ifrMi.'lioD ^ ^ , 

uitBof cbaoKts — wonduilid. 
' ^'I's. Fititilly, upon ila siiidn* 
■ oi'd a, liUle elevuiliio, wbicU 

■ ■ mad d=ei'i«<l aijil miiiktd by a 
i-.Lemlboiiadailtaof ilit(jroove 
ii uuddiiwiiwniii.iiud nllt'UElb 

II iiiitilH iiibt. Ill ilie upper 

■ < I hpiDHl murrow and bruiu uie 

III ibe loner, ibc alini'iiiary 
. II, UDd at lenctb two poiis of 

■ ;;! nl the sides o( the boily, 
.-..ilimiuts of the limlia. In 
"ioiint H seciiDD of ilie tm- 

-usu: would ill all i-BEi'ii1iu1 m 
In ir-iiniiiiMliai (liiigtamtfa Iioiec re- 

»)l(>ll«»inipliisl fxpii'ssiuu, wbicb 1 11 rat 

jbced before jomFig. 1), 



Blcwly andBTfldunlly ibrse tbanpes tste 
plncp. Tbe B'bole cf Ilie Imdy at first can 
bii broken up into "ctlls," wbitli bccdnn! in 
one plnco inclnmorpboMd into moidt — io 
iiuotbcr plato inti plstUi and hi in' — io im- 
oiher placuiiilo filitons-tlEntiL— orrl in im- 
Otbi'r into hoir ; ivery part bicoiiuni; crnd- 
uiilly ami Blowiy rnsbiooed, as if ilii'ic Ticro 
nil ailificiT at woik nt enohdf tbrsi- oi.tn|'li-i 
stnii'lurta Ibnt ve Imve meuiiontd. Tbis 
tuibryo. as it la called, tbcn putsin iiiio nlber 
coodjllona. Tliia diairiaui ripn nii|s the 
embryo of a dog ; and I Eliould tell jiiu Ibnl 
IlieiQ is allme wbfn the tinbr3'os oi iieiiber 
dog, D'T boree, nor porpoise, n.ir nonkey, 
mil- man, ran bo di«tin^uIsbL-(1 by iioy I'si^tn- 
tini ftalure one from tbe otbcr; liu'ic is a 
lime when they (ucb nnd fill cribini rtsj;m- 
l.lo tbia cuo of tbe dof . But as (icvt-lopmcnt 
ndvuneea, all llic paila auqnico their 
Bpecidlly, till a1 lenglb j'ou bavc ilie embryo 
eonvcrled into ibo form of Ibe pnnnl tnim 
■n'bioh it started. SolUnl jmi ecx', iliis Iit- 
iogntiimid. ibis liotse, hi'Sins lis C\i^(<'oeu 
as a miniilo pnrliclo of ultri'gcroiis nnller. 
wbich. brini; supplied with niniimcnl (de- 
lived, as I bavo Bbnwn, from the innTgimio' 
world), KTowa up aocording to (be fpiciul 
typo and (onBlruotinn nf ila pnrenJs, woik* 
and underKoea a couslanl wnsle, and that 
waste ia made good by nnlriment (tmlsrd 
from the itimeanit world ; ilie ivufIc pircn 
off in tbia way beinc directly adfled lo iiu> in- 
organic world ; anrtevenlually Ibe miioiiil it- 
aelf dies, and, by tbo iJiocess of (iininnpn- 
sllinn, lis whole body ia lei'jini'd to ibose 
eoiiditioDs nf iunrfinnic mailer m which ila 
HUlistaoL-e orlftiaated. 

Tills, then, ia that which ia Iruo ot ovwy 
livlo;; foim, from the lowest [ibinl ta Ibo 
higbcst uaimul^to man bimself. Yoii might 
dellne tliB life of every one in cuaelly the 
uaino terms as tliaae wliicli 1 have now ucvd ; 
Ilie differenco belwcen tho blgheal and tbe 
loncat being dimply in the complexily of 11m 
dorcbipmeutal ciian^es. ibe ^aiiuly of Ilia 
atruclufal fomis, IUg divergily of Ibe pbyniu- 
logical fuuotlous wbieh ate eserlcd by wti:b. 

If I were to take an oak Irce ua ii epfuiiDva 
of tbe plant world. I abould £nil that it orig- 
iuHtedinBD BOom, which, to:), eomnicncM 
in a cell ; the acorn is placed in IUl- grniind, 
and it veiy speedily licgins to iibeorb tbe in- 
organic mattera I huvH uanivd, miils '.oiir- 
mously to its bulk, and wo cuo no it. year 
after year, extending ilaelt upnuid and 
downward, attracting and appiiipiiniiug to 
I'.sclf iuorganiu materials, which ;1 vivitlea, 
and eventually, aa it lipecs. girts off its own 
proper acorns, wb!<h again rim Ibo i-ainc 
course. But I nee<l not roulliplv cxauiples 
— from Ibo highest In tlie lowest ["he esaeiitial 
features of iifo ais the same, as 1 bate de- 
scribed in each of these cases. 

Si much, then, for theac particular featares 
of the oTgaole world, wbiuli you tuu under. 
Ftand and comprehenti, so lo'ng as you cob- 
Uncyourucif lo-ouu sort of living being, aul 
study that only, 

But, aa YDukjiu\'.-,\n,TW!& iho^(A*Ci»i«i^ 
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_.._ IhB worlo ; and agam 

, . ike all oilier aiiinmU, hare 

Inraits — an! ennSned to a. certain arm 
VUrfiu-C iiF the L'uilli OD wbitli we live— nnd. 
as Ihal Is Uiii simpler incltur, I may lake thai 
first. Iq Ita Willi elAle. imd before tlio dis- 
eorery of America, wlma the uaturul Elale of 
tilings wits inlLTfeted wiih byilic Spauijirds, 
tbc UoiBO WHS only to be found in parig of 
the earlli whiuli are known tu geographers as 
Uie Old World ; iliat M to eny, you migbt 
mi^C wUh horsrs ia Europe, Asia, or AfricH ; 
but there were none hi Auslntiia, and there 
were none whut soever in iLowholeconlinent 
of America, from Labrador down to Cape 
Born. This is au emt^rical fact, and It ia 
what \» cailcil, staled in the way I hiive jriv. 
en it you. Ilia " gKugniphictd dislribmiuu" 
of llie kDrBi). 

Why hocses alionld bu founrl in Europe, 
Asia, and Africa, and not in America, is not 
obvious ; Ihe explsnalion tliatltic conditions 
of life in America are unfavorable to Uieir 
existence, and that, therefore, they had nut 
Lteta cicated there, evidonlly dues nut ap- 
ply ; for when the invading Bpanianls, or 
our own yeomen farmers, conveyed horses 
to these countries for Ibeir own use, lliey 
were found to llirive w*l! and multiply very 
rapidly; anil many are en-n now lunninij 
wild ill lUose countries, and iu u iveifcclly 
natural eeudilion. Now, Buppose we were 
Iu do for every animal wliiit we have here 
dune for the hoisc— that is, 1 1 murk off and 
diatiniruisU tlie piuticular dislrict or rcpiiii 
td which CHCh belODgi^il ; anil sup];osiij;r we 



talmlntt^il nit Ihrf^e testilti, lliAt woi.ld b 
cnlli^d Ihe g»))^[:i|>hicul itisliibntion of lu 
iniiH while 11 corresponding study of plant 
w.mld yield »« a retull Iho eeugiaphiciU dii 
trihuti-'u of piimu. 

I pass on from lliut nnw, as I meicl 
wi^lied to cxpliiin lu vou what 1 meant b 
the use of Ihe term " geo^raphlful disliilH 
tien." Aa I said, there m auolhcr uspccl 
ADil a much more important one, and that ' 
the relatione of Iho various aolmala to a 
auDlher. The hursc ia a veiy well-deBa 
tnulter-of-fnet sort of animal, and h'o are : 
pretty familiar with ils structure. I d« 
s.-iy it may have struck you Ihnt it lesei 
bles VL'iy much no oilier member of tlie <u 
mal kingdom. e:£cept perhaps the zebra 
the ass. But let me ask you to look ulon 
these diagrams. Here is the skelelon of It 
horse, aoil here the skeleton of the doj 
You wilt notice that we hare io Ihe bono 
skull, a backbone and rib&, ahouMer-bl 
and liaunch-tKinEB. In the foro limb, 
upper-arm bone, two fore-arm bones, w.._ 
bones (wrungly called knee), and middl 
iiand-LoDCS. endin:; in the three Itoucs of 
linger, Iho tost of which is ehcntlicd in It 
Iminyhoof of the foto-loot ; in Ihe hint 
limb, one tlil{th-boDC. two leg-bones, nnki 
hones, and middle foot-bones, ending ia d 
three bonca of a loe. Iho last of whieJi is I| 
cased in the hoof of the liiad-foot. Sa 
turn to the doe's skeleton. Wc ftud ident 
caDy Iho Eame buncf, but more ot Ibti 
there being more Iocs in each fool, and ' " 
more lue-boDcs, 

Well, that is a very curious thing I ThofaQt 
islhat ihedoganilihehuisB— whtnuoegeli ■ 
n look at Ibem without the ouiwaid impedi- 
ments cf the skin — ore found to be Blade hi . 
very much the fame suit of fashion. And 
if I were to make n tiausverse ECclion of ih» 
dog, 1 bhould find the s-ime organs that X 
huve already shown you ns forming pailatf i 
Iheboise. Well, here is uuoiber sfceliaon— 
ihal of n kind nf lemur— you see bo has jMt 
the same buncB ; and if I were lo nialie *>' 
transrcrsc acetinn of it, it would be juat tbv' 
sameagnii). In ymir mind's eye tinn bint.' 
around, fi> aa <o put his buikliune in n . 
position inclined oiiliqucty upward imd GtH^- , 
ward, iuiX as in the nixt Uirro diagiRnu, 
which represent llm fk<M<.ns of an iiang, ■ 
n chlnii>uD£ce. u gorilla, and you find ji<t: 
have 110 tieubie in identifyinj^ the iKinei ' 
ibrougliout; and liislly, turn to Iho tnd i-f 
the series, the diagram lepreGcniing ft man's ■ 
Hkulelon, and still you find nu ^at HTuclU- 
lal fenlmu esstnlially allercd. Thcrouiellw 
same l.onrs in llioeumcrelatir.ns. FromLba 
horse wu pass on and on, with gradual atepe^ 
UDlil we nrrive at lust at the highest known 
forms. On tlie other hand, take the other 
line of diagrams, and pass from the horsa 
downward in the ECaiulu Ibis Ash : and still, 
though the modiflcalions are vastly greater, 
ibo essential fiamework of the orgonizatiol 
lemains tmehanged. Here, for iiietaii«e, )■ i 
porpoise ; here la ils strong backbone, «]lli 
- 'hroiigh it, whicfa eoa- 
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__B the spinal cird ; liero hh) the ribs, here lo Ihoet; five. 

p«liDUlder-bluJa ; here is tliu little eLoiI gani/iition. 
tr^arm bone, huta nre llis two fore-mm liiil rain 

ce. lUe wrist-bono, and tlio fiiiger-bonM. 

SiruQKe. is it Dot, Hint Ilia jiorpoiRe eliould 
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BiruQKe, IS It Dot, Hint Ilia jiorpoiRe eliould 
tuiTO m this queer-look lug affair— lis fln[ipcr 
(as it ia called) — the suma fuuitametilal clc- 
aientHoa the fore-leg uf UiuIictm or the dng, 
Of the ape or man V and bcie ymi will nntiiiu 
»wry cnriouH thing— rho hinder liinbs ato 
■baeoi. Now, let us ninko nnnllier Jiini|i. 
Lei ua go lo the codllsh : hure j'ou Bce ia Uui 
lom-nun, in this iaige pcctnral fin— cari.vlng 
l^olir mind's eye onwnrd ffiim lliu fliipijcr lI 
llie porpoise. And liere yoii iiave ilio hindiT 
limba ti'Btured in Ibe shape of IJie^u venliid 
IF 1 were to innku a Irncsverse sceiion 
I, I Bhould find just the enmo nrjrans 
Wfl hftfe bufora noticed. So thai, ^nu 
Uwre comes out this strange conclusioD 
ie result of oar investlsations, that the 

e, when exBinincd and compnrcd with 

bther nnimals, ia fitund by no means to btaud 
Alouu in nature ; but that there jire an 
Minrmfius number of other crcnturcB which 
bare Iwckhoncs, ribs, and legs, and other 
[nuls nrriiiiged in the same general manner, 
■cut in all their fonuatioDexhihitiDfrlbe same 
brond peculiarities. 

I nni sure that jou ennnot have followed 
Die even in this ejilfmely elcmenlaiy expo- 
illion of the structiiml relations of animuls, 
nlthokil Bt<eiD|r what I hare Deen driving at 
all thruugh, which is to show you tliat, step 
bf Kitp. DaluraliEts have come to Ihe idea uf 
AUuiiy of plan, or confomiiiy of construe 
tioQ, amuog animals whiL-h nppcured at first 
liglit lu lie extremely dissimilur. 
And here you have evidence of such a 
"' of plan among all the animalB which 
.InukhoneB, and which we technically 
VerUbrala. But Ihcre are multitudes uf 
ranimala. such as crabs, lobsters, spiders, 
«t>on, which we term Anmiloaa.. lu 
. B I could not point out to you the parts 
ibat correspond with those of the horse — the 
tKCfcbone, for instance — us they are con- 
(iructed upon a very different principle. 
«bichl8 also commoatu attof Ihcm ; that U 
la B»y. Ihe lobster, the spider, and tlie cenli- 
pwle have a common plan running through 
Uffir whole arrangement, in just ihe same 
ly that the horse, Ihu dog, and the pon'nise 
■vailate lo each other. 
I'M ulher creatures- whelks, culllefishcs, 
EDHils. and alt their Itibo (MoUvtea) 

jble one another in the seme way, but 

trfrom both V'rtebrnta and AnnvlOsa; 
•nd ibeliko ia true of the; Doimals called. 
MftMmla (polypes) and Protozoa (animal- 
culea Mud flpooges). 

Slow by pursuing this sort of comparison, 
BMiuralitirs hnve arrived at tlie conviction 
Uuuihcic ort^^somc! tliink five, and some 
Mwrn— but certainly nut more than the latter 
DumlxT — ond pel baps itia simpler to assume 
lite— dlGrincl plans or constructions in the 
^ ■ of the anini:il worliJ ; and that ihe 
.'dtof thouEaiidsoC Kpecieaof crcaluret 
■urfoce of the eartli are bU reducible 
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1 we go no faither than lliut? 
'Wlicn one bus got so far, one ia tempted to 
gu on a blep and inquire whelhcr we cnnnct 
g.) buck yclfarlherund bringdown the wliolo 
tumuilitleiiliunsuf one primordial unit. Tho 
un^ilomi^t tuDiiot do this : but if ho call 1i 
llis aid iho study of development, he can dt 
it. For wo shall fiod lliul, disiiuctaa thost 
pinna are, whether it be a pcrpoise or man 
tir lobster, oranyof Iboseolhcr tinilalhavc 
mmlioned, every cno begins its existence 
wilh one nnd ihe same piimiiivo form— that 
of '.ha egg, ojnsiBlinK, aa wu have seen, o( & 
niiragcnous subslancu. having ti Email par- 
ticle or nucleus in ihc centre of it. Further- 
moie, Ihe earl ierchangcsoF each are subelan- 
fialty the same. And it Is in Ihix that lies 
that true " unity of organ izal ion" of Iho an- 
imal kingdom which has htPn guessed at and 
fancied for many years; but which it hac 
I)cen left to the present Ilmo to be demon- 
strated by the careful study of devdopmenl. 
But is it possible to gu another iXvp farther 
slill. nnd to show that in the sume way Iho 
M'hule of thu organic world is reducible lo 
imeprim>;ive condition uf form? Ia Ihero 
nmong the plnnls llic sameprimitivs fcrm c>f 
orguDizalioD. and is iliiit identical with that 
of the animal kingdom 1 The reply lo that 
question, loo, ia not uncertain or doubtful. • 
It ia now proved that every plant liepna ila 
existence tuder the Eamo form ; Ihiit is to 
say, in that of a cell— a purlido of oiiro- 
genous mailer having HuhBtunlinlly Ihe same 
condiltons. Hotbat if youiriicu hack ihooak 
to its first germ, or a man, or u horse, ur loi)- 
ster, or oyster- ur any other animal yon 
choose to nume, you shall find each and all 
of these commencing Iheirctiiitencu in forms 
essenliaily similar to each other ; and, fur- 
thermore, that Iho first piocesEea of growth, 
and many of the Eubsequent mudificalioiui. 
are esseulially Ihe same in princijAe in almost 
all. 

In cnnchision, lei me, in a few words, ro- 
cftpimiale Ihe positions which I have laid 
down. Aud you must understand that I 
have not been talking meru theory ; I hiivc 
lieeuspeal(ingof matters which are na plainly 
dcmonatrable as llie comniuncat propoaitions 
of Euclid — of facts Ibnl must form lli« basis 
of all speculatiouB and beliefa in bii/loRical 
Bcienoe, WcLavegraduallyUaced down all 
organic forms, ur, in other words, t.'u hnvu 
analyzed the present condition of nntmHlcd 
naliiro, until vo found Ibat each specica 
took its origin in ft foim similar lo that u^ 
der whieb all Ihe others commence their ex- 
istence. Wo have found tlie whole of tho 
vast array of living forms, wilh which we 
are surrounded, couslanlly growing, increas- 
ing, dccayinfr. anddiseppeuring; Ihennimut 
coDstanlly attracting, modirying, and apply- 
ing to ilB sustenance the mailer uf lbs vege- 
table liingdom. which derived its support 
from tlie absorption and converaiiin nf in- 
organic matter. Aad eo eonslaat sad utie 
rarsal a this aWji^ifen 
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dnctlou, lUiitit maj be raid with pi-rfi^ct cpr- 
tuiiity llmt llieri: is lefl lii no (jno of our 
bodiuB at lliu piesent moment a niilliiiuih 
pjirt lit lilt' lualteroE which Ihty were unsiu- 
aliy fornifil ! We liavu seen, itiiaiti, tlmi n.il 
only 'B lliu iivlng muiti^r duiivtil 1111:11 liic 
incrtgiinic wnrl.i, hilt lliat lUe furcea of llml 
mailer me uil of Ihcm corrululivu wilh unil 
Gaiirei tililo into Uioso of ia()rj,^ui(; uulurL-. 

Tliiti, ff)r iiiir gircBrnt jiuriiusua, la Ihu hcst 
View of Iha nrL-SL'nt cnndlllud of or.intnie nn- 
'tarewhicli lean Iny l)efnro you ;' it ylfia 
yofi itio groat oniliiios of a vael iiiiaiirc, 
—liicii you must fill up by your own sliidy. 

lu tliD nest lecluru J slmll eaJeavnr in Iha 
evfujtagn buck iuta liiu pusi, aud to 
ch in the sams ht(i.i(l iiiiitiDer llie hislury 
ife in tpochu preceiliug our ava. 

LECTURE II. 



THB PAST CONDITIOK C 

Is liiclyclurn which I delivered last M>iu- 
6rv evuDiDi; I eDdeaviired lo sltvlch in a vi ry 
litii'l' iiiiiuiii^r. tml iis wi'll M Ihu liinu at luy 

il,~i' .'. 'Ill I I ''itiiit, the prtsi'ut coudiiioii 
<i' ■ . : . ru'iiniiig by lliuL large liUu 

} . ' 1 . <i ol' the great, broad, iiufl 

!_' ■" liii;h arc to bo disouvetEd 

|i. ' ,1, iiitentlvely at tliu plie- 

> I, I : :■ iiiLitirc^isat prtsuQt di^- 

]' I i:il result of ouf iuvealiga- 

tL" iiuii'd iiplhiis: we foiiinl 
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!,.■ '■■ iii.iy !i<3 rodiiceil to 
, ,.■"■■ liliiaaor types 

J v.;ii> -1^, iri uJudltlc. uoiil 
iu^IjL Ih'j JTifiiiiio liiFurslty of 

I *oimal, atiil oveu vegelahlo life, duwu lo (liu 

fiprtRi'inliii! form of a itlagtu cell. 

' Vi'i: f.iiiul iliiit our :iiiriljs.is of Ihc orgniiio 

ir> : ■ ' ■.! hotll lie lo- 

in. i-.j[ii[jfistll rit 

■i,iw Ih'Ulho 



elt!' 



KjWiUilleii- Wi:di--i-^>i-L-:. i| :; u.i;iliuii,a rirni- 

Sbinoaiit of inorganii; iiiil'ini itail rimiliiuiiig 

"" iniiilofiwdforllio auimid (T'::ilij:i ; Iho 

il burrowing fniiu ilic |ilaiit lliy rnallcr 

hit Hi own Buppoil. git-in^ulT during ils life 

r')(redai'1» wbith r^^luioed Jmmeilialeiy Ii>ll)e 

s wotlJ : anJ Uiat cveutuiily llie 
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pliiKI ■■,■.;■, ■ r >llBlilUliQg il 

[ luliitliiiii'u by a putiiliar iMiuliination uf nmU for. i 
irs bdoogiag cnlitoly to the inorsaniQ oii;ii 
.rotli ; LliuC, ihoQ, Iheuaimalwas ccnsbiuily eiii.\' 
nprunrialing llie ailro^'eauua maltara of tlio 
junot 10 it^i owu Qunilalimeut, and rciurniog 
lijicm boulcli) Ibe inorgauiu world, in wtiiit 
^^wepoiteof (IS ilswoBlB; and that, finally, 
./ben tlio anlinii caused to exist, tlie conatit- 
TRenlBOtils biidy were dissnlved and traua- 
IjnilWd tu Unit ;iior-,Liiic«..rld w7.r(u-,Mlu-y 
fAadbeunal. lir-t iili-li,!i Ml T].:i- we -ww 
■In \y>lh the 



caDElilneat msterial^ of the wbnle 
(if hoihoDimal-'iaudi l.itiia werBttiuM ttlumt 
ti> llit'ir orifiinal e'jiirce; llicre wita a <miu 
stunt passugu from i-do eliito of cxiBlnitn 1 
ao'iiher, aud a rctiirulug luir^k a^a, 

Laslly, whcQwciudi'av.ifedijfonnflOiii 
noli,m of the ualuiu of tho f.ircoa eierciM 
by livinj; btings, wudiscovervdUiirt Utoy— i 
nut capubleuf lifia^ anhjcoleil to the atn 
inlnule unalysia as llip c-usiiiueub of UitM 
liL-iagi tiicmise] ci-s— Lhat tlicy vteie concli 
live with— that l\:ef tvcru Ilia equiiraluntfe c 
Ihu fofccs of iojisnnlc naturu — lh»t lb<! 
ivi'rf, ia llie senso in wliii.h ihc icrm ia am 
iissd. t'oavurliJle wiih tlicin. That was ou 
gtiitnil result. 

And iioiv, leaving Iho prcs^tnt, I must ei: 
deavor ia Ihc ttamemumurtf) puL Iu'lore ye' 
the faota that arc tj be tti^fctivnred in Ui 
past history of the living ivoild, in llio pa; 
(!'indilious of organic niuuie. Wu havr-, tE 
niirht. In dful wiih lh« fucia r.f lliat liislwr 
— a hlitlury invulcieg pwljds of lime ItiTiM 
wliith our mure hamun tifcoida alui: im 
ulliT [ iL-nifi canoe— B history the vatlely Dm 
pliysii-aliiiiiguiiu'ld of wh-iso cveulscannr 
esKa bu turwhadciwed by Ihe hiHtery of b\ 
man life and human phunomcai. — a ^MOI 
of riio moft varlid and c m|jli-.\ clinrader, 

\Vc mu,il deal Miih ilia histeiy, then, it 
tliQ fiiBt place, U3 wo Bhonl'l Oi'Mwilh al 
iiilitr hist&rit's. The hisi " 
l;iir)ws (hat hl,4 Qrat hutini>.'s i^Lriuld lie lo In- 
qaire inlu Ujo TaUiliiy ef liis ewi'tnrc, an 
ijienalureut the rccurd in wiiich the ov 
■lcu''e ia contained, tliat lie may be able t 
biitii a proper t^aiimale of llio curructnesa < 
llie Cinclusiona which havo but a drawn firui 
thai cviili-nco. So, lieru, we uiiut puss, i 
the fivNt place, to Itiu consideraiii:n of ama 
Ut which may seem fon ign In the qutstion 
UBilur dipcusBiiin. We niiwi dwell u]i 
ualiirn of tlio ret'urtla, and till! cieilibilily ol 
lliu fViJence Ihtycniilain : wu miit loiik ' 
the cempletuntss or incDiniili'itut's* of Iho 
lecurda ihemsnWt'fi. hi'fore we turn lo Ui 
which lliuy eonlBin and rewenl. The qw 
Hull uf Iho erodihilily r,t Ihc hislorj", hapi^i. 
* „.ii. .. ... ..■ ,. ---lidejujjQH 
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But. itllhaufc'U line U the iiih-.U »t diUlc-ul- 
tica uf the blatiirlcal Eludent m t Ifircd r>ut of 
mip palli, thercurenlhetditliiiiliies— diflieul- 
fiua m rightly ioieiprt'liiig itie facts as thci 
UM' (in'wiK..iit<.iii— whuhniiiy lie ciiupared 
iiii'.i lLi> ■■ic:!li:-l lilllicuUiti ijf auy OlhoT 

Wiiiii. i-; 111!-, rci' .id ol lliu past Malory of 
llii! duLj, uii'l uhal. !iro 1L^- fims'louE which, 
are invt.lvyd in ir.< inquiry inn, ils (■■mplflc 
neas rirhiMmphli'iitTial Tiailricoid U n 
posed of mud; tiod Iheoueslion which 
hate loinrestigalHlhlBeTuiiiiig rosolvesilself 
into aqiKslieii of the fkruialiiiri r.f luiitit' 
You ni»y Ihiiil;, pi'rli.ips. that ihia ia a 
step — uf aline^t from the Bubliiua lo 
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riilE«u1&us — from the CDntempktinn of the 
htuory of tbu p«st ngcsorilie wniiil'a eiiaU 
cncclo Ilievonslderuiion cf ilmljitiloryof the 
fnrmiillDii ur taoA I Dut. ia naluri;. lliere is 
iiOUimg hk'IIII nurt uowoilliy of altenlion ; 
tUcto ia iiollimgiiOluulMuaorc-onlempUbleiii 
tany o[ liiT wotks ; auillliia inquiry, ynu will 
Mon aec, I hope, tnkca us In ihe very iiwt 
and louDdfliiansiif oup nuhjeut, 

How, IhcQ, ia mud furmeil f Aln'ajs, 
Vitli some trifling exception, \iliich I need 
not CDusidt^r nuw — hI^s^'b, us the result uf 
tbo action of water, weaiiog down uod dis- 
inlcgrating Chesurfaco of lliceurtliaud nicks 
with whicJi it crimes in contact— puunding 
MJ grinding rtdown, nod carrying the par- 
licltta away to plncca where tliey cuase Eo be 
disturbed liy ibis mecbanlcal actloo, and 
wheta tbfy ean gubaide nud rest. For tlia 
ocoaD, urgud by winds, wusbcs, as wu know, 
a biut; extent of coast, and every wave, 
latdcd tu it ia wiib purticles of ^od nml 
CTHvel af It lircaka upon lIioBhnrc, dneasumo- 
tliiu;; lowurd iho di^inlegraling proei'sa. 
Anil thus, alowly Imt Mirely, Uie bardest 
roclcB on.- gruduutly ground down to n pow< 
dery substance ; and Ltic mud Ilius fotincd, 
cuarseror Boer, us \ho case miiy Lw. is cur- 
iled by liie rush of iho lidta, or currents, till 
11 Tcacben Ibe comparatively deeper parts of 
Ibc (iccnn, iu which it can sink to the bottom. 
Ilifltis,ti) parts where Ibcru is a depth of 
slnnt fnurtccn or fifleeu fiithums, a depth ai 
vlilch Uie water is, usually, nearly motiou- 
leex, and in which, of coutse, tbe finer pur- 
tklcs of Ibis detritus, or mud, as we call it, 
sinks tu the b^llom. 

Or, oeain, it you tnko a river, rushing 
daw7i from its unjuniain sources, brawling 
ffterUio stones andioc'is that intersect its 

rtll, loosening, remofing. ondcarrylng with 
Is its dowuward course the pebbles and 
liKltter mailers frnm its bunks, iterusbcs and 
paundndown tbe rucks and earths in pre- 
cisd.V the same way as Ihe weiirin^ action of 
tlieseit wBvi's. The matters form iiig Iho do- 
pMUare torn frum Ibii Inuuuluin■^idc and 
wbirlol impetuously Into Iho valley, more 
slowly over the plain. Ibenceiulo tbe fsluary, 
anil fri'm ihe csliuiry ihey aio swept into the 
MB. Tbo ccarEer and hea* ivr frugnitnls ate 
ol>vi(ius1y di'pnslted ttral, that ia. i 



bill ibe finer and lighter particles 
nrn runkil fuiUicr on, and cTentuatly de- 
[iDriiiil In A ilceper uud stiller portir/n of tUo 

It I leiirly follows from this llmt mtid gives 
linn ebronirlogy 1 fnr it is evident that mip- 
posing ibi», wbieb I nuw sketch, to be Ibo 
Ma-U>IIui>, and Euppusing this tu be a ci.ust- 
Um.'; f ri 111 Ibe wosbing aclicn of llic sea 
itpan Ibc rotk. nearlag and grinding It 
down inlii n sediment of mud, tbe mud will 
b< i-ariird down, and ut length deposited ia 
Qm deeper pulls of this sca-bottrm, wbcru it 
viQ form a layer ; and Ihcn, while that ^rst 
Uyer fa liunlening, oiber mud which is com- 
tag from the came source will, cf ccuise, be 



carried to Ibe esmo place ; ami. »3 it is qullo 
impotable for it In get benenlh Ibu layer 
already iheie, it deposits itself nbove it, and 
forms nuolher layer, and in that wiiy you 
gradually have layersot mud conelnnliy form- 
tug and iiurdccing one above tbe olbcr, and 
conveying u lecoid of lime, 

It is aneceasary result of Ibe operntinn ' f tbo 
law of gravUaliun that Ibe iipiiermutt layer 
BlinUliOtbcyouageet and ihu lowest ibe old- 
est, and lliut the different beds tball bu older 
at any particular point or spot in exactly Iho 
ratio of tbeir depth frum Ibe surfaee. 80 
tliat if tliey were upheaved afterward, and 
you liad u series of these different layers of 
mud, converted into Enndstonc, or limestone, 
as ilie CHse niii:bt be, you might bo sure Ibnt 
Ibe bottom layer was depusiled first, and 
lliat Ihu upper liij-ersweio formed afterward. 
Here, you see, is'lhe first step in tlie liislory 
— tbt'Su layers of mud give us an idea of 

Ttio whole Eurface of tbe earth— I speak 
broadly, and leave out minor qualificatinns — 
ia made np of such layers ut mud, so bard, 
the mnjoiity of tbem, thht we call tbein 
lock.whether limeKtoneursnndstone, or other 
varieties of roek. And, seeing IhEt every 
pnit of Ibo crust of tbe earth is made up In 
this way, ytiu might think that the determi- 
nation of the cbiDuolugy, tbe fixing of the 
time which it baa token to form thisernst, is 
a cumparatively simple matter. To take a 
hruad Bveruge, ascertain how fast the mtid Is 
deposited upon the bottom uf the sea, or in 
the estuary ot livera ; take it lo bo an inch 
or two, ur three inches a year, or whatever 
you may roughly estimate it at, then take 
the tQtHl Ihiekncss of the whole, eeriea of 
BtratiSed rucka, which geologists estimate at 
twelve or thiiteeo miles, or about scvi^nly 
thousand feet, make u sum in short division, 
divide tlietolii! thickness by tbutof thequan- 
tity depoiiited in one year, aod the result 
will, ot course, giveyoulhenumber of years 
wliieh tbe crust lias luken to fonn. 

Tndr. Ihat looks a very simple process I 
It would bo so except for certain dillieullies. 
the very first ot which is that of finding how 
rapidly sediments are depo^iled ; but Ihe 
raaiu difflcullv— u difficulty which renders 
any certain calculations of such a matter out 
of liie question— ia Ibis, llie sea-botlom on 
wbicli the deposit takes place is continually 
sbiTling. 

Instead of Iho surfaco of Ihe earlh lieing 
Ibnt stable, fixed thing that it is popularity 
biilieved lu lie, buing. 'n common puilance. 
the very emblem of (ixlly itself, it is inces- 
sanlly moving, nod Is, in fad, as unstable as 
Ihe surface of tbe sea, except that iia undula- 
tions aiB luUnitely slower and enormously 
higher and deeper. 

Now, what it tbr elTect of Ihls oscilluli'm 1 
Tobe the case to wlni-b 1 have pLovioiisly re- 
ferred. The finer ur coarser sedimenis that 
are carried down liv the current of Ihu river. 
will only be caitied out a certain distsnr/ 
and eventually, sa we httve already seen, on 
csachina tbe sUVtel taA ut \.\iBUi»iaa.'«>fl-\» 




nllcd nr. tlie hdifoni. 
C IV (Fig. 4)b(:itieeeu-bnltomr^D the 
' re, I fflhssea-leye!. Ihtn llie Pfmrser de- 
,it will Biiliside n»er llu'fPsiotiB. tbe flnpr 
T A, wliilu lii-yund A lliuie will In: nu lie- 
posit lit ull ; rulI. coTisetfiicully. nu rccurd 
will be kqil, simply Uecdii'i: no iiepasit U 
L'oiiiK 00. Nnw, Biippoae llmt ilia ■wlinle 
faad. V D, wUIl-Ii wu Ihito n'gMrrlefl na sln- 
Llononr, KQ(^ itown, nsil lines hi>, Iioili A anil 
B go mrlber nat from llii: aliiirt', ivliicli will 
be uty', *'. !/', I'dngllif new svn level. Tlje 
!MnaGi|iieace will be Hint Ihe hiyer nf :niid 
'" boing nnw, for the mo-il i'lirl, fiiilbur 
UiD fuico at the ciirrtui, ia sUone 
caou;;)! ID cijUFpy even Wml^aesi debris, wilt, 
of (Wurse, receiTun') nio"! (ieptisils, und lidT- 
ingattaiueUnciirlalulUlukuusa wiUuuwgrow 
DO tlijclter. 

We siiuulil be mislcil in Ulcing tbe tbiok- 
niss of (hut layer, wlieneTer il may be ex- 
posed tu our view, aa a record uf time in Uie 
tniinQer in wbicb we nrc now rejfafding Ibis 
subject, aa it wuuU jjlre ua only nu irnper- 
ftcl aod paitiul rucuiU it wuuld aeem to rep- 
reseiil; lao slinit ii ptrlud of lioie. 

Hipp'JBC, on Ibu olliw hand, tlial. Ihe land 
(C D) Iiad tMnu on rising slowly and grad- 
ually — say uii iiicli or two incliea iu ibo 
course oi n century — wbiit would bo llio 
practical fffect nf iW movement! Why, 
lliat Ihe sediment Aaod B which baa been 
already dupoaited, would erfnlually b" 
bruuglit Qcuier to llic si lu re- level, and iignin 
. subjected tu the wear nud tear of lltu nea. -. 
and directly tbe seu begins to act upon it. It 
would ot course suon cut up and carry it 
sway, to n greater or leas extent, to be re- 
dqpnsiled farther out. 

Well, a3 there ia. in allprnl>ahilliy. not one 
single spot ou Ibu whole HUifaee of Ihe earth 
which lias nut been up and down In tliis way 
a great mnny tlmea, it followBlhal ilio liiick- 
ness of the rJeposlla formed at auy imrtlcular 
spot cannot he Taken (even suppoaing we bad 
at first ohtaint!d correct dnia as to Ihe rule nt 
which Ibey lu»k placi',), as affording reliable 
i\ifonnatii.n asio Ihejieriodof limccccupicd 
inlln di'pusil. So that yousouitiBnlisuluiely 
neccBiiiuy fi'im lliese facia, seeing ihni our 
rcnurti viiliri'ly consists of accumulations of 
[raud siipi'iinipuBrd one un tbe other : seeing 
ip llicnexi plai'e Ihut any particular »pots on 
IrJJiCll niC'itiiulaiiiina liiisc occurred hove 



been constantly mnving up and down, ai 
sometimes out of Ibe reach of a deposit, oi 
ut other limes its own deposit broken up &i 
carried away, It follows i lint our record mu 
he In llie hiclieat degree imperfect, and v 
ba^e hardly a liacc left of thick deposits, i 
any dclinite knowltrdge of the area that Ihi 
occupied in a grrttfr many cases. And niai 
this t That suppOMUg even that tbo wba 
surface of Itae earth had licen aecesBibls ' 
the geologist — that man hud bad access ' 
every part of ihe earth, and had made se 
liana of 1!ig whole, and put them all togelb' 
— even then bis record must of Dccessily 1 
imperfect. 

But to how much has man really access 
If ynu will look at this map you will see Ih 
it TepcesenlH the proportion of tbe sea to tl 
earth ; this colored part indicates all Ibedl 
Innd, and this other portion is the watt. 
You will notice at once that the water covel 
three flCtha of ihe whole anrf ace of this glnli 
and baa covered it in the same injinnir uvi 
since man has kepi any record uf his own o'. 
servatiDOH, 1o any nothing of tbo minul 
period duiiog which behBseulliritted geob' 
ical Inijuliy. !^i that three fifiba uf ll^c si 
face of Ihe earth Is shut out from us becan 
it U under the eea. Let us look at 
two fiftiis, and sec what are tbe countries 
which anything that may Iw termed Bf?arc_ 
ing geological Iniiuiry hiks been curried nuf 
a gtiod deal nf France, Qeriuatiy, and Okt 
Britidunnd Ireland, bits ot Spain, of lta| 
and of Rusaia, have been vxamiutd, but < 
the whole great mass uE AfiicD; t;Kcept pBi 
uf the suutliern extreroily, wo know next 
nuthiug ; little bits of [niliu, but of tbe great 
part of the Asiatic continent niilhhiit ; bits 
Ihe Nortbein American Stales Olid of Cunnd 
but o[ the gicaler part uf Ibu cODlluent 
yciiHi Amuricn, und in still larger piopuf 

Ual('rlhe-"Vi7(i.iiiM'ii..ci>':, il folli 
CT.n Willi Tef,-.c.>iiiL> 10 lliiitkiiuli^f ir 
lnfi.rniali>iii ivliirl, wu ciin pf>^^iss, U 
nhouttbelentliousundthparlrf lliiM.i 
parla of the earth tiiol has bci'ii ( ! 
properly. Tbeiefore, It is with jusl 
llie must Ibsughiruiui Ihuse whnniiTt 
cil in Ihe^ie iuqulriea Insist cimtiuiinlly upn 
Ull! Imperfection u( the jreolcgicul rw>td 
for, I icpeut, II isalisoiulelyneceEBHiy, friM 
iIjc ualure uf things, that that records' — ■" 
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D most rragmentnrjr uart Impt^fect 
'. Fnfui Innately Ibis fircuniBtiince 

n coDstiuilly for}r(il ten. Mi'ii of k'i- 

Ni, lllm jroung cn1ts hi ii rri^sli pusliitLsnre 
Apt to be exhilarated ou lie'mg liimed into n 
new field of inqiiirv, nml ti a" "^ "^ <t Land- 
i^llop. in lolut nlsie^iiiil of Iidif^fs and 
dltclieH, loaing sighi or (lie [fid limMAiion of 
iheir inqniries, aud to furEi'tlliii extreme im- 
perTcctioii uf wluil is Teiilly known. Gnoln- 
flsls have iaisgioed thai lli;;y cniild Icll uh 
wbnt was going on nt idl pans vt ilip parlli's 
Hiffoce during & giveu epncli ; (!icy iiiiro 
talked of Ltiia deposit beingMinlempornDcuui 
■wUli lUal dfposil, unlit, frum oiir lillle locul 
histories of ilie diongcs iil limiied spots of 
the earth's SHrfacc, lliey luive coDsiriicttd a 
noiveianl liistoiy of tlit glol>c us full uf 
vnodura and porlenta us any other story of 
snlitiuiiy. 

But wtat doefl Ibis mieiupl lo construct n 
univerEal Iiiaiory of iliu gloiii: iintily? It 
lnipUt« tljal we aliall not only La?e a precise 
knowledge of iliu eventa which huvo occurred 
Dt id; partiuulnr puint, but that we sliail be 
■blu to Bay whul events, ot any ouu spot, 
look place St the saroo time with tUoae at 
otberepols. 

Let us BBV now if t!mt is in the nature of 
Jbinfa practicable. Suppose lliat here I 
~li^S WCtionof iheLakeot Killarncy. and 

^Wt MCIiOo of naotbcr lake— that of Locti 

Id En Bcolland. for intitMnce. Tbe rlv- 

kt flow into Ibeui are constantly carry- 

n deposits of mud, and beds, or strata 

,._;; lui wnalanlly formed, oue aliOTO 

Ibc other, at Ihu haitom of Ihoso lalieB. 
Kaw, tUbiu is not n slindow of doubt thiit in 
thdo Iwu hikes !he upper lieds are nil older 
ibMi till! lower — lliereis no doubt about that : 
but what does thd le1l us abont ihc nge of 
any given IwdinLochLomond, us compared 
with that of any given bed in llie Lake of 
Klllarney '! It is, indeed, obvious that if any 

' --''f.' -IcnnHilsarcseparatedand di«!on- 

■■' is iibsolulely no means what- 
.11 liy Ihe nature of the deposit 
.nlher one ia much yoanRer or 

■ / oilier ; Imt you laay say, as 
ijii and think, that the case is 
I' red If the beds which we arc 

■ Mnnllnuous, Suppose two beds 
.:.:icd iato roek^A aud B arc 

i'. iKig. .^.i 

^ . .. .,iy, it is admilled that the low- 

-Bluet bed is always the older. Veryivcll ; 
B, Ibetefoct:. is olUcr than A. No dnuhl, at 




ft ukale. il ia HO ; or if any parts of tbe two 
lieda which are in tbe snuie vertical lino ora 
rriuipared, it is so. But aappote you taku 
wliui »tcmB a very natural step failher, and 
my that iho port a of the bed A is younger 
Hum thepait Aof thebedB. Is this sound 
icnsonin;:? HyoufiudanyiecordorchiingcB 
taking pluen at S, did l!iey nccuf befotu any 
evcnl'a which took place while « was being 
dc|K)8ikd! It looks all very plain Bni)ln|^, 
iudecd, 111 say that they dill ; su'l vtl Iberera 
no proof of anything ot Iho kind. As !be 
former Diieclor of this lustliniion, Sir H, 
DetuBeche, long ugotbowcd, this teusnoing 
may Involve an euUie fullacy. It ia extr( m*ly 
pofsihlu Hint (I may bate hten deposited URts 
before fi. It Is wry easy to unileistanil iiu« 
Ihal can be. To reluJu to Fig. 4 : when A 
and B wciedepoMlt'fl. they wete»ui«'fl»£»'"ffy 
cr.ntempornneous ; A I'dng simply Ibo finer 
depiisli, !in() B iho coairer ot the j-nme detri- 
tus or waste of lond. Now mppi.se ilm! tbp 
Bca-linl lom goes down (as ahowo ia Fie. 4), 
so thai the Aral deposit is eariieil no ti.ilher 
llian (T, forming the bed A', iiud Ilii^ cfi.iisiu 
no farther than 6, forming the bed R'.tlierw- 
Rult win be liiC formation of two cimtiaunua 
bcdfT, ono of fine Bcdimcut (AA') ovei lapping 
another of coarse aedimeaHBB'). Now sup- 
pose the whole sea-hollcm is raised up, nud 
u section exposed about tlie point A' ; no 
doubt, at this spot, the upper tied is yoiiogcr 
than the lower. But we Ehould ohciously 
greatly err If wo conduded that the niusa of 
the upper bed at A was younger tlian Ihe 
lower bed at B ; fur we have just Eeeu tbul 
Ihey are contemporaneous depodts. StllJ 
more should we he in eriwr if we supposed 
the upper bed at A to Ue yoiincer ibuii tbo 
continuation of Ihe lewrr beil at B' ; for A 
was deposited long beforo E'. In line, if, 
instead of eompatlng immediately adjucenl 
parts of two boia, one of which liea upon 
unuther, wo compare distantparla, it is quite 
poaaiblu that llio upper may be any numlinr 
of ycora older than Ihu under, and tho nailer 
any number of years yuunger than the 

Now you must not suppose that I put Hits 
before you for tho purpose of raising a pur- 
adoxical dlfflculty ; tho fact is, that Iho great 
mass of dppo«ilB have taken place in seu- 
bolt.nnis which are ^rnilnally sinking, and 
have heeo formed under the very condiliuos 
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Tlin crrur lies in citeuding ajirlndplc which 
is perfectly uppliuii'i'B lodcposiisin Itio ?iima 
Terllt^iil liao ti> dtt|iosiIii wbicli iLru uot 1u tliat 
icIutTou to ODc auollier. 
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kind, &ad of otburB that I miglit mi'D 
ti'iu to you, that our cdntslusliiDa nil and in 
turntcluiioiia of lite record ure rt'ally and 
■trk-tly only valid so tonjr as we (.■uallne our- 
ielves to Dim veiUcal ecclion, Idunotmi^an 
to toll you tliut thi^iH nic uo t|Uiili(yiii(,' dr- 
cumstances, so thul, even in very ciiU'-i'lpr- 
ablo ttreaa, we miiy safely spenk of cunEiirm- 
ably Btipi'i imposed beds being older ur 
vnuuiter than utIicrB HtniHuydISi.'rcn[ pulnls. 
Itut we can never lie iiuile xuro ia coming to 
tliiU condusioD. and cepccliilly we Ciinnnt be 
EUte if Iherti is nny break In iheir coiitiniilly, 
or nny very^cat disUiuc« between the points 
to lie conipiireU. 

Well, now, 9o much for the record itself — 
H'lmiicb for IlH imperfections — so miicli for 
tlio cnndltbiis lo he cbBcrvod in inLurpruliuj; 
it. nud its chronological indlcnlions, the mo- 
ment wc pass ix'yonU the liniUs of a FcilitSkl 
liuunr Recti an. 

Now let us pass from the record to that 
which itconliiins — frointlieboukiiscit tn the 
writing sod the fliritres on lis pages. This 
vrillng and lUi'Su H.^nres consist of rumains 
of Koimsls and plants which, in the great ma- 
Joriiy of cases, linvu lired and dle^l in the 
vety spM in whivh via now find thpm, or ut 
Inist in the immedinte vicinity, Ynu must 
all I'f you be uwure— nod I referred to Iho 
fact iu last Monday's lecture— Ihul Iheru are 
Tut nnmbers d( crenluies livins: ni thu bot- 
tom of Iha sea. These crenlJireB, like all 
others, Ruuneror later die, and ihclr ehi'lls 
■nd hard paits lie ut the bottom; and then 
tbe fine mud which is being tonslnnlly 
brought d^wa by rivers and llie action of the 
wear and tear of the sea, i:avi:ra them over 
and proieclB Ibeni from uuy further c-hangc 
or alteiatioQ : and, of coursu, as in process 
nt lime Iho mud becomes hnrdened aod 
soliilifled, the shells of these animals arc pre- 
Ecrrc<l and firmly imtiediled in Ihe limestone 
rir snndsLone whicii is being thus formed. 
Ynu may sco in the Kulleiies of the Museum 
upstairs spi-clmens nf limestones in which 
sucli fossil remains of existing animals arc 
imbcdiied. There are some spet:inicn3 in 
which turtles' eggs have been imbedded in 
cnlcarx-ons sanJ, and before the sun bad 
bKlched the yniing m lies Ihcy became cov- 
i'red over with culcureous mud, and thus 
Lava liecn preserved aud fossilizud. 

Nut only does Ihia process of imbedding 
and fussiiizutlon occur wilbmailue and o;her 
iiqn:ilic animals and phiols, but it affects 
those land animals and plants ivhitLarudiift- 
od awiiy to sea, ur lieciimu buried in lings or 
lUirrus^cH : and Ihu animals which have been 
lindden down liy their fellows and crushed 
ill llie mud ut Iho river's bunk, as the herd 
Lave I'limc Iu drinh. In nny of these cases 
be crushed or be mnlilut- 
ire or alter pill refaction, in such a 
that tieihupa only a part will be left 




in the f<irm in which it reaches lis. It Is, ioi 
deed, a most remarliable fact, that it is quit( 
nn csceptioDul case to find a skeleton of tin' 
one iif all the Ihuusand^ uf wild landanima 
lliat we knnw arc constantly beine killed, i 
dying In tbe course of nature: Ibcy kl 
preyed on and dev<iured by utbur animula, i 
die In places wheie tbeirbodiesaru not uttel 
ward protected by mud. There are oilier ai 
Imals esisting in tbe sea, the shells nf whic 
form exceedingly laige deposits. You ai 
probably aware that Uf ore Ihe atteoipt wi 
made 10 lay the Allantic lelegiapliic ciiiila 
Ibe Government employed vessels in mak 
a aeries of very careful obscrvalioDs t 
souudingsof [beooEIomuf the Atlantic ; a,a 
ailliuugh. as wu must all regret, that up I 
Iho present time that project basnot sueceed 
eil, we have Ihe Batisfocliun wl knowing th| 
it yielded some most remiirkable results t^ 
science. The Atlantic Ocean bad to b 
Bounded riglit across, to depths of severs 
miles in some places, and the natuie of it 
bottom was carefully ascertained. V 
nuw, aspucoofabuut 1000 miles wide t 
cast lo wi'iit, and I do not exactly know hoi 
many from uoHli to south, but at any ral 
600 or 700 miles, was carefully examiucti 
and It was found that over Iho whole of Iht 
immense aiea an excessively floe chalky inu 
is being deposited; and iliis deposit 'is en 
tirely made up of animals whose bard part 
are deposited in this part nf tbo ocean, at 
are doubtless gradually acquiring aolidiiy bi_ 
beeumioa melumorpbosed intoit chalky limi 
stone. Thns, ynu sec, it is quite posdhls t 
Ibis way lo preserve unmistakable records a 
animal and vegetable life. Whenever 
sea-biillom, bysomeof those undulation 
Ihe earth's cru^t that 1 have referred to, b» 
couies upheaved, and si^lions or borings ar 
made, or pits are dug, then we become abt 
[D examine Ibe contents and constituents o 
these ancient seu-lioliome, and dnd out 
manner of nnimuls lived at that peiiod. 

Now it is a very important cunsideinlioB 
in its bearings on the completeness of thit 
record, to inquire how far tbe remains ci ~ 
tained in these fossiliferous limestones i 
ahli: to cunvey anylbing like an acumate 
oamplute account of the animals which wi _ 
in existence at Ibu lime of its focmatiun.' 
Upon that poiot we can form a very clcn^ 
judgment, and one in which there is i 
Bible room ior any mistake, Tliere 
course a great number of animals — such I|> 
jelly-flshea and other animals-^wilhr.ut anC 
hor^ parts, of which we cannot reasonabl 
expect lo find any traces whatever : there I 
nothing uf tliem to preserve. Within a ver 
sliort time, you will have noticed, after _ 
are removed from llie vialer, they dry up 
a mere nothing ; cerlaiuly they arc not of 
n.iluru lolcavenny viryviHililetrncea ut 
exiMLHieon such liodlesns ebnik or mud 
Tlien, ngaJD, look ut laud unimuls ; it is, " 

have Saul, a very uncommon Ihing lo 

a land animal entire after death. tnsecU' 
imals very speedily 
takes placOi 



pull tbim to pieces, iiutre faction to 
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■nd EK), out of thebnailTedB of tbousanija 11i::t 
■re kaown to die every year, it is (lie Tmift 
Itiins in Hi e world 1u fi^u ono imbedded in 
audi A wiiy iljiit ila rcraiiins wiwld be pru- 
tctved for o IctiglLenisd peiind. Not only ia 
IMh ;lie cace. Imt even wlien uuimal lenmlus 
h»Ti» bofn Bufely imbedded, ccrtAin oalural 
aeeiil^ rtinr wliollydcalniy tind remove tbem, 
Airviosl 111! liie lunl parts of auimala— lbs 
bviKB imd eiion — are cnmpused clilcfl^ oF 
phofplioto of limo nud carboiiiite of iimu. 
Biiinc ycnra ngo I liad to muko an imiuiry 
Into Uio natuio of eumo very curious fofsila 
Mot lo me ffoin llie norili of Bcoilund. Fos- 
Kila nro usuuUy linrd bony Eiruclurea Ihnt 
have hecoiiia imbtKldcd in lliewayl havedc- 
Kiilivd, nnd liitve erndnnlly acQuired llio rni- 
tiire Anil Biilidiiy (if llie body wllb which Ibey 
XTt awodftied ; bm ia tliiBcmie I. bod a vcriea 
of JMm In BOtne plectBnf reck, and nolliing 
eiMK. TliBse Imlea. however, hiid n cerlftin 
drAnitfi Blmpe fll)out tbem, nod when J got a 
Allfit) nnrkmxii lo miike oiislings of the in- 
l^iur of ilirsG bok'H, I found tliat Ibey were 
Iho tmpKMlons uf IhuJ'iiula of a backbone 
kod of llie Mrtncir of a great reptile. Iwelra 
or mure feel ivo-:. This great beast bad diad 
and ^it baried in fbo cund, llic nani bod 
KTwUmlly hardened over tlio bnne?, I)i;t rc- 
matnttd pnrouii. Water bad trickled lbrou;;l) 
ll, Mill lb"t wnter beios probably cbnrccd 
with a supcifluliy of carbonii: aeiil. bud dls- 
acilveil all tbe pLoBpbalo and enrhonale cf 
time, and the bcnua IbcniBplves had thus dc- 
chjhI uud cnlirely disiippcarcd ; bnt us Iha 
MuiiMctiU happened to bavc cunaJldalf d by 
Itwt ifme, llio predfo tJiape of tlio buncs wiis 
ralaiiird. If tbnt EnndKtcno bud Tcmuiri'd 
Kftalilllo Irnger, wo eIiouM have knowo 
BUllting nhHtsoQi^crof tlio exUlencc of llio 
iniiilu n'liiiBC bones It had Incased. 

Hcwceilaiait islhulavDslnuniberof an- 
bnnhl which have existtd at one period on 
Ihii cnrlh hiivo enliiely perilled, nnd left no 
(r»c» «hiilevirof IheirtonnB, may bu prosed 
tu^bU by other coti«lderiiilDnB. Tliero arc 
luSv tintts of enndEtouc in vaiioua yuils of 
tlw worlii, in v;lili.'b no body has yet Tound 
■py'jiiu^ but foulBlepH. hot a bnnii of any 
daacrlplion. but lui mormous number of 
irscefl of foulsteps. There is no i^iicBtinn 
about them. There laanholovnlley in Con- 
IKCIlcut rovcied with tbeeo foolfilrpB, and 
DOl a dofllc frn^iineut of the aoimals which 
Duule litem have yet been found. Let Die 
nentlonattDilicrcaxtiwhile upon that luuller, 
which ■• even more Burpiisinfr tliun iIioec to 
wbicll I ba'a yi^t leferrcd. There is a lime- 
rtonefuim&iion near Oxford, at a plucc called 
Blonealkld, which has yielded the rcmuins 
of certalD very iolereiitioK maniuialian oni- 
inala. anil up to ibis time, if I recollect 
rlEluly. there have been fdnnd Beven epeei- 
miros<''f ild liiivcT jawu, nnd nut a bit of ouy- 
ihioftclso. neither linib-bones nor ^Icull, or 
as/ part nhalCTCr; not n fmgm'nl id tlie 
wmile ayeiein I fit course, it w> i.lil be pie- 

EMerous toimaidiiclliiidbelH'aalshiid tiolh- 
gcbobut a lower jaw I The |inliiiliility 
b^ a* Dr UucUand showed, as ihi' leftUll of 



his obnerrutloDS on dead dcgs in tbe river 
Thann-s, tbnt the lower j:nv, not being 
secured by very firm ligumenla to Ihc bnneB 
of the head, iiitd beiti^ a weighiy uffajr, 
would ensily bu knocked off, or migbl drop 
uway from Ibu budy ns it tluHled in watrr la 
a BtDie of df com pusl lion. Tlic jaw would 
1hu» bodeposileil inrrmidiatcly. while tbe rest 
cf the b(^y would Hunt end drift away 



altogether, nltimiilely rcacliing the sea, an^ 
perhups beconiiag Jestioyed, Tho iiiw be- 
comes covered up and preserved lu the river 



silt, nnd Ihua it ctmca tliut wu hare ouch a 
cuiinuH circiiiiif lance as that of Iho lower 
]:iWEi in the SlanebUelrt bintcs. &n that, you 
see, fiuihy ns Iheeo liiycrB cf Fiona in Ihu 
carlb'Bcrusti'ri', difectivunB IbeyncirePBarily 
nre as nreconl, ilioccrountof coTi:cint>ontne- 
oua vital phi-nrmcua pnstnkil |iy liiem it, 
by the necessity of llio cnsi', icfijiiltly more 
defeclivo nnd Irugnicolaiy. 

IL WHS DccefiFary Ibi^t I kIicuIiI pat oil this 
very elronelybttoroyoii, hcciiuBp, (.Iberwise^ 
you might have been led lo think diHerentlf 
of iLoccmpkiencss of our knowledge by taa 
next facts 1 ehiill (tiitu tu yui. 

Tho lefcearchca of the Inst three qunilcrs of 
a century have, in trulh, levculitl a wonder- 
ful richness cf organic life in those tocka. 
Certainty not fewtr than Iblfly or forty Ihea- 
cand dijieient speclcB of fi.siilB have been di»- 
cQvered, Yeu ba^a no ninro grruud f<* 
iloulrtlng Ibnt Ihcfo ereatiires risHy lived 
nnd diidntcr near the pInctH in Which w« 
Ifnd tlinn ibiiii jou have far like MfpllciBIB 
nbcut DKhdlonthoKca-thore. Thutvidcno* 
13 as urnoil in ibe one coed as in the other. 

Our nes( business is lo look nl the general 
character of tlic^c fotbil remains, and It is a 
EUbjcct which nill t)e rcq^iiifite to consider 
cnrefuily ; nud Iho first point for us is to ex- 
amine how miith Iho extinct Jiyom and 
Fhunn ns a vfiale — disregarding!: allegeiber 
the tvfeemian ot their cnnstiluenis, at which 
I sliall speak at lei ward— differ from tbe FJora 
and Fauna of ihepresentduy ; now far tti^ 
differ in what we do know about thiin, Icav- 
lug altogether out of eonsiderniion specula- 
lions bused on what wu do not know. 

1 strongly imagioa that if it were not for 
tiie peculiar appearance (bat fossilized ani- 
mals have, th'it liny of you might rundily 
walk Ihrniirh a museum which cuntaluj fiis. 
sil reniaiii.-i mixed up with (hose of the prea- 
ent forms of life, und 1 doubt very much 
whether your uninstrucled eyes would lead 
ymi to see any vast or wonderful difference 
between the two. If you looked closely, you 
wiiuld notice, In tbe flrHt place, a gmit inuuy 
Utings very like animals with which you are 
acquainted now : you would see differences 
of shape and proportion, but on Iho whule a 
close similarity. 

1 explained what I meant by Orders tbe 
otiiordny, when I described the animal king- 
dom as bein^' divided into sub-kingdoms, 
classes, and orders. If you divide tbo ani- 
mal bingdoin into orders, you will [ind that 
there are ubove one hundred and WsttiiVi, 
Tho niiinbet may vM^f lu uwi .wA* >« "toa 
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I oiher, Utit lliid U n T.ilr estlmalc. TliaE la the 
Intiil tit tlic uiilers of all ihe aDimale 
ivbiuh we kaavt uuw, unil tvliii'b IjAve been 
Icn.iwa iu pavt tiriits, uud loft roiiiuins be- 
Now, liiw miiny nf llioau ure abaoliitdy 
eiiiacL? Tliul U li>say. Ijow muny oF iliesu 
orders at uuimals liavu Ilvtd ut it former 
period uf the waild'H liialnry, but haru at, 
prescDt on reprueentiiiireal That U tiid 
KDsein wbicli.I hicmdi Id ugh Ihu word "ex* 
tinct." 1 meau that those aninmls did live 
on tliiacurib ui nae lime, but hare left no 
HUB o{ Uicir kind nilb us al tlw preseuL mo- 
ment. So that estimating iheuumber uf ex- 
tinct aoimals iu a surt af way of compttring 
the past creatina as u whale wilh the preseui 
as n whole. To mnlie that I'ieikr, 1 Iiuvb wi it- 
ten in red ink an Ihese diufcmniii the nameH 
of all those extinct onliTJ, nod lu lilaclc juk 
the names uf the rest Aoitini; Ihe moin- 
malin ftud birds tiiere nro muv exUnct ; but 
when we comn to the rapllk-s there is a most 
wonderful IbioR : out of Ihs tight orders, iir 
thereit bonis, whicbyuu cuu tnike amuog rep- 
tiles, one lialf ure cxlinel. These diagrams 
of llie plealoBaurns. tbci Icbihyuaaurus, ttie 
pterodaetyle, Rive you nji'iil.in of some o( 
Uieseoxliact teplllts. And here Is lbs cost 
of Ihb pterodaclylH noil Imuenof ilie ichthjo- 
Hnurus and the ptesLismiriis, jiist lis frush as 
if it had been reccnily dti^ up in a cburcb- 

i'urd, Tiiua, in lli<;replik'oUiss, Ihere are no 
eaa Ih.in halt of Ibe orle's wbieh are hIbo- 
lulely exiiuct, It wo liiiii ^^^ the Amphibia, 
Iheiuwua oueexlmut order, ilie latiyiluthn- 
donls, tyiilfled by Ihe laige Kalumuii>ier-IJke 
{least shown iu this dlaj^ruin. 

No order ot fisbes is Kiwvu tu be cxllnci. 
Every Beh that we find lu the iitrain— to 
wfhleii 1 have been referrinif — ciiu Iw ideiill- 
fied nnd placed in one ot Ihu orders whieb 
exi^uttbepresenlday. There is not known 
to be a Klu);le otdin.il furni iif inseut uxli:ict. 
There are ouly two orderntxlluet among Ihe 
Orutlaeea. There is not knuwn tu be lui ex- 
linol order of Ib^se creatures, the pttrasilic 
iDd oilier worms ; but llicre are two, not in 
laj three, alisnluiely extinct orders of this 
class, the EcldnodermiUa ; ont of nil tliu 
orders of the (Menleratu und Proluson, ouly 
one, Ihe Rugose Corals. 

So that, you see, out of aompwhero nlwut 
120 orders of animals, takiutr tbeni nltogethiT, 
yon will not, at the outside cstimnte. tlod 
Aliore ten or u dozen extinct. Summlni; up 
kll the order uf animals which bnve iefi le- 
maias behind them, you will not find iiliiire 
ten or a dezeu wbicli cannot henrran^d with 
those of the present 'Iny ; that is to sr.r, tbdl 
Ihe difleicuce doexnot amount tomuch more 
than ten per cent ; and the prupnrtinu of 
exlinct orders nF plants is slilt smaller, I 
think that that is a very astounding, a m[;°t 
BStonisbing fact, seeing llie enormous epi^cbs 
of time which huvc fltipsed during the cuii' 
Htlluliou of the surfaec nf ihe eatlh as it at 
present exists ; it Is, Indeed, a most astouud- 
laa Ihius; Ibat the proporliun nf eilincl oidi- 
nal types should be so exceedingly Emoti. 



But now, there is anollier point of view ^ 
ichichwe must lot>k at Ibis past crcailnit 
SuppuGU tbut we were to Eink a veriical p 
Ibiough Ibe door benealli iia, andllial 1 uoui 
FUL-eued in uiahini; a sfcliuu right llirnugb 1 
Ibe itireciion nf New Zeiilaiid, 1 ^liould fiu 
ia inn:h uf Ihe dilTeJont beds Ihrough whle 
I pusserl (lie leumiuu of uniinuts whicli 
t;hoi>!d find in llmt stratum anil not in tt 
olhtrs. First. I should uouie upon b«ds 1 
gravel or diif-. cuutiduing tbci bunes nf liui 
uuimuls, hucIi us Ibe elephunl, ihinonru 
nndcas-Bliger, Rather ciirioua things t 
tall atrosB in Pieeaditly ! If I nhi-uld * 
lower still, I should come upon a bet' 
what we call the London (-lay. uod in Ibii 
you will SIC in our pilierie* up-<<l»lni 
found leninius of elrangecallle, icninin 
liiriles, palnu, and laigBiropical fiuilA ; wli 
fiheitflsh hucb Hs yuu see I be like tit i 
imly in tropical reu'ions. If I ivcni be 
litiit, I sbonM eorae upnn ihe i liidk, 
IheiB I sbmild find xtrnpihing i ll. "d 
dldltrtnl, Ihu ri;main? nf ichlbyoaouii 
plerodaciyles, and ammoniti's, and so f ni 

I do nut know what Mr. Oudwin Auel 
would say comes uexi. but piobsbl.v : 
conlainms more mnm-iuiles, and 
ieihihyosauri and jileMoi-anii. Willi n 
numlier of olher Ihiiigs ; and under thai 
sliuiild meet wilh yd iTHer rock», <»ntainii 
numbers of t^iiajiiiiij nliclh and Oabea ; find 
thus pi^aing tinui ihu Miifaeu lo the Ifiwe 
lieptbaof Ibu earih"- ihiibi. ibefoima-:" 
mal life ami vegHalile liftr which 1 » 
meet wilh inlhesittfcifriveliedd would, 
in^iilUicm hroiidlf, in.' Ike mnie dlffvir 
Ihu farther ihat I went dawn. Oi. in nf 
wnids, iua.--much as weHiarlol wiib llii-c.. 
piinclple. llmt in a scries ef niiluiady-di 
piwed mud heda thelnwesl atelljc ohifht, « 
hhouU I'omo to Ihit reculi, tbHi the failtl 
wug" Ixick in <lme Ibe mure diSerence exU 
bdiweeu Ihe ouimfll ai.d vegf isbte life nf ii 
epoch and Ihat which nuw txism. Tliul v 
the Guiicluaioa In winch 1 wishtd lo bii 
yuu at the end of this Itelure. 
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In Ihe two preceding lei'lurcs I have el 
deiivored lo iudicale in yuu Ibe txieul >iS ll 
piiblecl-matler of Ihe inquiry u]i<<u which V 
are i.uj;u^e<I ; and now, liavijig llius iii-ifUln 
sume cuuruption of lliepasl i>iid pieHcnl pL 
UDmeua uf niguuiit naluie, 1 mubl liiin, t 
nigbl. In Ihm wbiidi cun^tllulfs file "iv 

froltli'ni wliicb wohnvDi-el before (turBfli>cf< 
mean, the qiie»1lun of what knowiciigp h 
have i,r lilt CiiUsiK III lheBe)ihen.-ni<,'ni> i-f " 
ganic naiuie, an I bow si-ch kn>iwiiO(:- 
obiniiiiiiilB 

nere, im Ihi- lhr(*li<*ld of Inipiify. an u 
Jn.'iiini nu-iiH U!-. TUeii! are in Iho world 
numlitrijf e\lrerni-ly wi-iiby, weibnieaDiii 
petsuns, whose judgmenls and upinioDB u 
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nttOed to tbs utmost mpect on account ot 
Ihrir sincvrlly, wlio are nf ogiiaion IbaL vilal 
|i!i' II. iiii'iiii, i!ti<1espet"jiiIlyalli)ue8iiou» rilui- 
i;i- r . r'... iiiii.-in iif viifii pUenomenB, nre 

■ -■ "I- I'l ii? iiptitt from tlie ordinarj run 

iiiil iirp, by lliiir very nalurc, 
f "urTLiicii. Tlieynny llinl, uU 
Mil - ■ |.ir :i rui/naorininfttod inTraeulously, or 
in EoiiiL- wiiy lulBlly ililTereDl frnm llie ordi- 
flvy puurso of oalure. auil llial tbureforc tbuy 
CBSCcire it to be futile, unt to euy presump- 
tntitM, to nttempt lo iDqiiiru Into Lliem. 

'f» such siDccre and earnest pcrRoa!i, I 
WUtild ODiy «ay. Ibnt a qucBliuQ oF lliis kinil 
is oil to liu slielved upoa IheDieOcal or sprr:- 
iiIuUtc )t">unds. You may runemlicr Ibe 
stnry iii tlio sopbitt wlin dEmunstiatfd to 
Dio^'CiK's in tlu.* most cainpltli: and ealinfat.'- 
tt>ry niunnerlbut liecauld not walk ; tbat, la 
tiit'I, oil motldu wns iiu Imposaililllly ; und 
ili>i DiogFti'-'s Tufiiicil lilm Ity irlm})ly gcliiog 
up utid wiilkmii rouiiii liia ml). Ho. iu ihc 
- ^m.' v,..v. ,:ii' man (il 9i;leuce repUcs lo cU- 
:;jis kind, by timply gelling up 
. iiTiivHrJ. aiuHliowioK AvIiHt Eul- 

■ I '. - ■ rii? iind is doing — liy puiiiim(i lo 
'li^ii iniiiiL':i~L' ttittsisuf Tiii'ts whidi l.a'.c Ixiu 
WLi'iiuiiitdumli'ysiriiiniixed uudi'i iliu l.uns 
u( till-- gii'iit (lottriues ot morpliiiloK.v, of iic- 
vrlii) Intnl. of ditCiiliutioo. iiud llie likt^. Be 
pw* iiii inumiouH niafs <if fyets ami laws re- 
iollni; tu organic liriii^p, nliicL binud ou Ihc 
nuiiu (Tend snund f(iu:idHlion na uveiy olher 
BBiniid law ; and, thtnfuiff, wilU nils mma 
oC fM-la imd laws btloie lis. vemv^ Ilial. dh 
tWBSOtganiomatliiis liare liitbPiio lictn oc- 
OeauJUa imd studied, ihey barn tliown ihi;ni- 
Fdvr* uipalile of yielding lo tciinlilic iovca- 
ti^lloa, v.'e maynccipl ibis bK piouf Uiat 
Older tiud biw r«i^ii llvie ns ntU va in Ihs 
IMluf uulutc : ;ii]il I ho iiiud of Kckorc Enys 
Dblliini; t<ioliji'ci(>ii->>f iliis soil. Kolxtippost'S 
IhstKHcnn iii.do).»ll wnik Iu ilic > ri^iti of 

Igpnic nniiKi', in ilic ti.nir un\ il ill we have 
t^di lo 11 kiir,M:r .'il I f iliu liiWb uhd piin- 
Kii ' H «IinEiij ilic Himf 
kii- . ■ :. >.iji. ToMKh I would 
Kr II .(' J. II i'>nii'i;i1i li.>mihcin, 
B Ihui Uir niii jin'niiiipii' II. I m»y iilmost 
Tllie iial hliitpLiniy, iii iLis oii.ltoi, is in 
Uw alKtiii't to llniu'ibal ii:ijuliy loio ilic 
csUMut of pli en omen a which U ihi: vmiiot of 
all bltmiin bicstiugt, ui.d rioni uliiili has 
■pruop ullliMiiiuu pit.spciiiy iiiid inccrtt-*; 
lor. nftiT all. we tim u(<r,[ii|iii-li ,-, ihiimiii- 
liwly lilile ; Ihe iimiied j.iij:i' -f i.nr <vh 
foduTlica hnunile 
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iiicllimt miitl he ixmlly Ibo Eiuni? nx thai 
which is piitfucd iu iiuy oilier (ciiutiflc in- 
quliy, ibe niiiliiid i,f M.ietiiific inresligalioi. 
iicioK Ihe sauiu fur all uideis of tacla Hud 
pbcDoDieun whuiBOGver. 

ImuEl dnclla lllllc onihis pnint, for 1 
wifibytiu lo leaTe ibis room Willi u very dear 
coDTioliDn Ibnt scientific iuvtEligniiLii'is not, 
as nwny peoplu seem tii supjKiEi;, Home kind 
ut modem blnck art. I euy that yon might 
piiBJly gather this ImprcBsinn from I he miinntr 
ia whidi many pcrHona ppeHkorpdinlilic ir. 
(juliy, nr lulk iiIhjuI InducliTi! and dvduolive 
philoEopby.ntlhi'priuclpleBijf lbe"liaconIiui 
tiblloaopby. " I ilo pioie^t lb»l. of the vast 
number of oanls in Uiis world, iheio are unne, 
lo niy mind, bo toultuiiilihl" na Ibe psvudo- 
Fcicniilic cant wliidi is liilfcrd bIiimiI IIu! 
■•aiiMuiDnpbil.-K.phy." 

To licra peupU- lalk about Ibe grtai chan- 
cel ioi— and a lety uieal iniin lieril Inloly was 
— v.ju wiiuhi ihiiik Ihiii ilwiis lie who bad 
ini'i-iiic'd edenci. and Ibal Ibciu was ni> stifh 
ihm^;uii umiiiil if-HSi-iiitig iK-riirt: Uiu iiniu of 
(JiK'in EUzilu'tb I Of course, you i-ay, ibat 
cannot piiswMy hulriie ; you peictivc, oil u 
mo'ni'orH itfliciiuo. .hat bucU an id<n Is ut>- 
suidly wrong ; mid ,vr1. ao liiiniy louted ia 
ihisBoilof im]irtf:i .11— 1 nimim cuil ii an 
idea orconce|itioii— IIic ilon^' in ti.n alisurd 
lo he eiiieiiuhlt'd — tun sii t.' iiifiii'tilv dutit it 
oxisl alllii!lkiii(niinriu..-( men s iniiuts. ihat 
Ibia has liL'rii !■ nmin i 'M . luiTnilimi willi mo 
for niiHiy yr-Ms |iii-i 'll.iic me ninny men 

thR'nlij'Ti unl, lUiiHi ilii> miV li.> ■fiMriiiK. 
wish, i.ci-.jiili,=k-fl.s, t.. ii.iiiii,^'L i.n- ii'ill.fir .if 
»,u>e vii'»- 'Villi wuH-H liii'y li.mkflt to ill« 
agieu. WnhI lliey ilu, Mici'i. ia ui I i.i go auJ 
Ivain somi-ibingyl>iiiiiliiu}ubjvu, sviiioh one 
would naiiUHiiy Ibink ihi- best wiiy of faiily 
d.'alini: who it ; Imi llipvi,bi,M-ii>ei,riL-iniiH.r 
<.f til.- view (liey(|.i.>;i..n, i. ., j..,.i.ii i.i-in- 
ntT, all. I wind uplu^' ■ .'. nil.. 

yiiu know. Ili6 iiniuii' ■ - i ■ i.. . ■ ■ i ibia 

Hiillmr Hic totuliy lip '■■ .i:;..ii-..t 

Ibe llaoniua philo^ipby, ilu'ori'nyli.Hly 
"I'l't"'!'!--'- ■■■■■" -'■ -' 



ilut 11 



eto a 



irpix 



isofolia 



'oph, 



andbe wiiocudta 

vf bar intfiiiiiie is <iolj pnitoing u curse 

Ihat is liki'ly lo piLtii-CBihogrtaUEl haiw U 

bbfijlownicn. 

Bm now. aESiimin^. as ve all do, I hope, 
thai llH^vpheui'mtnaaie properly acctsfaille 
tninouiiy. auil M'tling i ul npurt our search 
into ilietuuffs '.I li.e phtuommn of organic 
mluti. (t, Hi anyiale, tellincioL todiacovir 
tiav iiiucli nc at prtseni know upon Ibisi- 
abttiuatt nalUis, the quesiion arises as lo 



Llieo'iJI in Uir middl.-.if Ibi'inippliiit!*. yi.» 
wfinlil pfobidil) find Ilim neithiT tlie i-penker 
i]...' liid aprluoiltiia oould ti^ll y.iu lii>n' or in 
n li .1 iviiy it WII3 Ml, rn-illier Ibe oiiu niir the 
i.iln.'i- lii.^iiip tl.d sUglil.'-t idea -T wln.t tliey 
nil III! '.vh''n tlicy Kpeukuf the" Kuii^fuiitu phl- 
log^pliv " 
Yini will undiTFtsn.l. I Uopc, th.it '. bare 

not Ibu hligbte.-t di*iru to j.iin in tna olilc;ry 
ajtaiii-t eitlicrllieiiiiinil-. IhuiiileMiUt, i.r the 
gii'ttt geiiiiH iif L'lrd C!ia.ic.--il.i!' Bjc -ii. He 
waauml .uliledlya vi-rv l'c at man, |. t pwi-le 
)i.iy WM .llliey williifbioi ; liulii'ilAithbtiiud' 
iu^nll i.i,il hadid for i.hM .»i|.ii>, it would 
iii'i'Titi .'1/ wnmi;tiiBiipp<.ai4il>ai llietiitlhnds 
.if rrt»lLTUs{;iKmiflc in'iui'y nnsinaied Willi 
lii,n. '.c with his aul : lliey inigioalvd 
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1 ex[Bt«r1 Inng before him. far mnny 
I tit p.rDCeiiscs oFrensniiEaj; am cx- 
i liiitlier orriur of btut's ns com- 
pltul./iin i .tlTwliirdy 11- I'V rKrcKlsri-a. Wu 
Buo in iJLiny iif lliHl'iulL-crCTli'milio cxt 
of une, at ItHsl. ai lliu snmuitowL-isuf tci 
iuic lis Ihiit wltleb ■EVH □iimclvca employ. 

Tliemi'lliiul of idi-nlif!c InTeHli):iiIif 
iiothmjt bill Ilia expfession of lUo 
ttii)li: uf wotKiog-oI'ilitf liiiiDiin miiiil. It is 
Hlmjily Ibe mmla at wlilcU nil phenomena nro 
readoae<l ubmit, rendered preuiHa und exiict. 
There U D'> miro difference, but there is Just 
Iho HBinekinl oC ilifEBtencH, between (he 
menttil opBrnlinna of ft itua of sdencu and 
Lhnae uf an oidinnry pBisou. m there is be- 
tween the ni)eniiii)iii4u:i(l lueiliuds of il bnkcr 
or of a buVcber weigiilag uut bU |;iio(]ii in 
cumtiina ecsk's, and lue (ipenitlons iit a ehem- 
iBt in performing a dimcult and complex 
umlyaU liy meani of hU balance uud flacly- 
gnufumed wi'ighla. It la not that Ibe HCtion 
uf Ibu scales In the oaa uuse, und [he bulaocu 
in Ibe other, differ in the principles of tlieir 
uoriatrur.tioD or munner of wotkiog ; but Ibo 
bearn of one ia set nn an ioUnitely finer axia 
tbiiD lliQ other, und of course turns by the 
addition uf ifWich smaller weight. 

You will undcrsmnd Ihla hHller, perhnp». 
if I give you some familiar exumple. You 
have all heard it repeated. I dare huj". that 
m^n of science work by means of inducliua 
and (Icduulinn, and that by the help of tlie»o 
npoialiona, they, in a sort of sense, wring 
from nature certain other tbiugs, which are 
called nalunl laws and cauiies, and that out 
nf these, by eome cunniug skill of tlieir own, 
they build up bypotlieses and theories. A.Q1I 
it is imagined by miioy Ihat the operations 
of the couimnn mind can be by no means 
compared with these pracoi'sea. and Ihiit 
they liaffe lo bs acquired by a sort of special 
appreulieeship lo loe craft. To hear all these 
lur^e wuids you wnuhl Ihiuk that Ibe mind 
af a luiiu nf science must, he cous.ituled differ- 
cnily from ihiii of his fellcw-mea ; hut it 
yon will nut lie frlghteaed by terms, you will 
discover that you are quite wrnug. mid Ihut 
all these leriible appatatus are being used by 
youtaelvea every day and e»Bry hour of your 
lives. 

There is a well-known iaciilenl in one of 
Molldru'd pluyd. where the author mukes the 
hero express unbounded delight on bring tnld 
that he had been talking prose during the 
wliole of hi-t life. In the same way, I truKl 
that you will lake comfort, and be delighted 
wilh yourselves, on the discovery Ihnl y>iu 
bave been aciiag on the priuciples of indui-- 
llvu and deduniVB philusopby during the 
Mme period. Probably there U uol uue here 
to-uight who has not iu llie course cif Ibe day 
bad occasion lo r,el in motion n complex Iruin 
of reasoniug. of the very name kind, though 
diSerlDg of course Indrgiee, as IIihI which 
B Ecienll&c man goes ihrnugliiu tracing Ibe 
causes of uutuial pheuomena. 

A very Irlvlftl chciimxtaiieo will eerve to 
exemplify this. Suppose you go into u 
tiujttsTKr^ shop, wanting ao apple : you take 



up oTK. and. on biling It, jou find It is mur 
yuii look at it, and see Ibiit il is bnid am 
gften. To u take up nuollier rnc, and Ihii. 
100 is hord, green, and sour. The ellopnmrt; 
rflers you a lliird ; but, Itefore biting it, } 
crxiimine il, and find ihiit it is huid a... 
grien, and youimmediaielysny Ibst you wtlfi 
not have it, ns it diudI be sour, likt 
that you liavc al^endy^iried. 

I4olliing ran tie iiinni Bimple Ibnn thai,. 
you think : hut if you will uke the IroublK 
to unalyKQ und trace out Inio \\i logical ele- 
ments what has been done lij the mind, yoa. 
will be greatir eurpTiced. lo Iho flrst place, 
you have pei formed the Kperaliou of Induoi 
lion. Toil found that, in two exoerieuces,- 
harduess and greeuueM in apples go together 
with sou rness. It was so in the first case,' 
HUd it wsa cooflimed by (be cecund. True, 
it is )i very amull haHis. but still it is enou^b 
la mnku an inducticm from ; you geucraliM 
the fa<:)9. and you expeet lo Hnd sourness in 
apples where you git hiirdncbs and Er«ell< 
nesa. You found np'iii ilml a generaT law, 
I bat all bard and grcni !i|<plc5 arc suur ; and 
thai, BO far as it gees. U a perfcet imjiiclinii. 
Well, having got your nalurnl law in thia 
way, when ynu uru offered anolher apple 
which you find is hard and green, yuH say,' 
" All hard and gieen upples are suur : lhi» 
iipple Is hard uud grteti. Iheiefore this h[ii>I« 
iasour." That liain of teasoning is whul 
logicians eulla syllngitm, nndhusu.ll ilsTaii' 
nua parts and Icrms— ils uiajor preniits, it». 
minor premi!>s. nnd its coneluEiou. And, In: 
Iha help of fuilber reasoning, which, If 
drawn out. woiild have to bo exhibited Itri 
two or three olher sjllngisms, yoii arrive at 
yourfnal delerrai nation, " I will net Lave 
that apple." So thai, vou see, you have, iir 
theflist place, est u hi i sited u law by induc- 
tion, and upon that you have fcuudcd u d&> 
ductiON, and reasoned uut the Fpieial codcIu- 
sionof the parliL-iilar case. Will, now, sup- 
pose, having gfit your law, Ihut at btime lime 
afterward. y(iu aeodlscusslnglhe qualities' 
apples with a friend : you will siiy to bhn. 
" It Is a vety curious thing— but 1 find thai 
all haid and green apples are sour !'' You^ 
friend says to you, " But how do jnu know 
that;'" Youat orco iiply, " Oh, because' 
have tiied it over and over again, nnd ba*« 
always found ihem to be so," Well, if w« 
were talking science iualend of ottrnmoo,, 
seuse, we should call Ihut un expctimiota|> 



peoplo la SouiBi sets hire iind Devoueliire,, 

where a large nuralier lit npf' " '" 

that they have obserrrd the 
ianlso found lo be Ihu case jn nuiniani 
and in Norih Amerini. In fbuii, 1 find 
lobe Ihe universul ixpeiifnee ol innDkfnd, 
wherever Hlli'nli'^ii ha'^ been dlrerleil tj tb( 
subject." Wiii'ieuiiiin yiiur fiifiid. ynl_ 
he is a very unri-a>iiiiiiM'j miiu. iigieeB wltS^ 
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raliflDB ■!«— that the more frcquvDily ezperi- 
iii«i]ls Imve (irrn mnde. nail i«sull3 of Ibu 
Mine hinil utriveil nt— -Itiat Ilie ninre vnriud 
till: concjitiuns under wliich liiR f^niB rcuults 
have liFen uttaiDed. the mora ccnaio is llio 
nllimfttu ciiDcluiiloD, and lio diEpiilcu Ibn 
ijuratiMU DO furltim. lie sees tliKt die ex- 
IxniiiivDi bus beeu Iried oudcr nil sons of 
L-indlluns, as to lime, place, nod pouplp, 
vritli Ibv antna result ; and lie sn^ a with j-ou. 
Ihcrvfore, that Ibe kiw you liave laiil riuwu 
must he a £uud one, nod lie musl tidieve it. 

in ecietKU vo lio (be uuine ili.tig -. Ibispbl- 
lOKuplitir exi-ruises pci'Ctwly tLu aktnu facul- 
lW3. IbougU in a niucb Diore deliialu oitiD* 
oat. la scientific iaijtiiry it b«cunii-« a. mat- 
ter of iluly to expose a auppofud luw to ctury 
linssilite kiud of venQculioD, and to lake 
«rf, moreover, that aii« is iloiio lutention. 
ally, uud uot left to a mere accident, us in 
■he case ol the apples. And iu scieace. as 
lu cnmmua life, our confidence in a law is iu 
exact proportion lo the absence ofvaiinijou 
inilie result of ourcxperimenlalverificatluns. 
For iDslaucc. if you lei go your grnsp of so 
nttldvyou may Iibtc in your hand, it -wilt 
Immedialuly fall to the groiiad. Tbat is a 
THyc'immon verificalioQof oncof Ibe beat 
(•tnbllelieil Inivs ol nature— that of Kraviia. 
lioB. Tbe moibua by which men of ecisnco 
otabllsb Ihu exislcnrc of tbiit law is txucily 
IbSKaineus that Iiy wliicb wc hava cslab- 
lislicil the Iriviid prnpcsilluD about the Bour- 
Dfis of bard and green apples. But no be- 
liere it ioBiicli on^exlftisive, Ihorou^b, and 
Unlieeitaiing mannrr liecHUse llie nuiveiEiii 
apeiicncourmnnkiuii veilll<'Sll,and we eun 
verify it ouTKetves HI any lime: and that is 
Ihc fciinngesE piiBslblc fuuiidaLioL on which 
my nstiirnl Ihw can reel, 

bo mui'li by wuy tif proof Ibat llic melliul 
at cblubl jelling laws in scieneu is exactly tlie 
Mtftona Ibiit pursued iu eiimtnon Ufc. Let 
uannw turn to niiotlier matter (iboiigb lealiy 
it Is hul sncilher pbaxx of Ibetaiiie gui'Elinn), 
«nil fbat if. Die mi'tbod by which, fiom Ibo 
ivlalions of ceitain phenomena, we prove 
lliat Biinic eland in Ibe position of causes 
lowBid tbectbtrs. 

I wntii to iiut tbe case dearly before you, 
ISil I *»ill Iberefoie show jou wlial 1 mean 
Igr tDixber famlUar tXHiupIe. 1 wilt sup- 
|HMiu llial line of you. on cumjug down iu Ibu 
II10ruiS(;lo tbe parlor of your bouse, Huds 
Ilial B leapot aod somu tpnous which bad 
beta l«ft iu Ihc looniun ILepreviousevenlng 
■IS gbiie — the U'iiidow is open, and you ob- 
Wttic ibi: maik (>[ a diity band on the win- 
dow- fiamc. and pcibups. ill addition to ihsl. 
yOttBOllcclbe ImpKKsof n bob-nailed sboo 
nn tlitigtaVi'l ouli^jdc. All (bcfe pbcnoniena 
kave Mtuck yiiur nllcntinn inslanily. and lio- 
(oratwo minutes liate passed you »uy, " Ob, 
"y bns brckiu rrptn tbe window, tn- 

Tid Ibu roLm, aud nui off with the spucns 

I tbo Itapi'i ■" That tpcecli is out of 

■ 'n 8 miimmt. Aud you will 

" 1 hnun llieie lias ; Inni quite 

You mean to cay exactly what 

i but in rtalily wbutyouba've coid 



has been tbe expicEsicn of what \g, In all m- 
SL-Dtiul paMicutait. II bvpclbeKiE, You da 
not ^iiiw it »t all L ilixiiuUiii'gl'Utahypotb- 
e^js lapiiily [lamrd in ,voiii (,wn mind ! Aud 
iLisali.vpulbesisfnuuded'.n u long lioiuuf 
iuduel'.ouB and deiiuetiiin?. 

Wbiil uie ibnseiuducliiinsnnd dHliiclioDB, 
and bow have you gut at ibis bypotbeiisi 
You have obeerved, in the first plucc, that 
Ibu window isopm ; but by a train of reason- 
ing involying many inductions and deduc. 
lions, you have prubabiy arrived long before 
lit Ibegcneiul law — uud a very good one it is 
— that windows do nut optn of tbemeelveB ; 
and you llietcfoie conclude that mmetbiae 
has opentd Ibe window. A second generu 
Ihw tbui ^ou baveuirlTcdal in the same way 
la, Ibal teapots aud Fpoons do uot go out of 
a window epuntanpiiusly, and jou are satis- 
fied that, as Ilicy are not now where you left 
ilii^m, lliey bave been removed. lutbelbiid 
place, you look at Ikomaiks on the window- 
aill, und Ibe Eboe- marks outside, and you say 
that in all previous expciience the foimer 
kindof maik has never been produced by 
nnythine else but tlie band of a btiiuan bs- 
iog ; and IliB same experience »bows Ibat no 
other anlnuil but man at present wears bhoes 
with hob-nails on them, such aa would pro- 
duce the marts iu the gravel. I do not 
know, even if we could diacovcr any of lliosu 
" missing links" Ibat are talked alioiil. tliat 
Ibey U'ould help us to any other conclusion I 
At aoy nilo, tlio law wbicli states our present 
expiiieuculnUrDng enough for my preaent 
liurpuHc. You next reach the uuncluaioni, 
ibiit us these kinds of maika bave not lieeu 
iL'ftby iiiiy iiihtr animals thun men, or are 
liable Id be fotmed in any other wny Ibuu by 
a man's baud and sbue, ibe marks in qucs- 
liim have beeu foimed by h man iu Ibat way. 
Yon buve, fuitbtr, h genetal law. fuuuUed 
on nliseiviilinn and experience — and Ibat,tu0, 
ia, 1)1111 Horry to say, a very universiil and 
tiniui|W!iehuble one — that Bomu men ara 
Ibleves ; ami you aasume at oncn frtun all 
these [ii'cniisses — and that iswiiat conslLtules 
yuurliypulliesls — Ibat ibemanwho made Ibe 
marks oulsideaiidonlbewiudow-sill, opencM) 
Ibe wuidow, }!0t into the room, nod stole 
your Icapol and spoona. IJou have now 
nriived at a win eausa ; you Iihtd assumed 
a cause which it is plain iscompeteot to pro- 
duce all Ihe pheoomena jnii buve observed. 
Y'ou can explain all these phenomenn 
have ol>served. Vuu can explain all ibesa 
only by lbs bypotbesis of n tbief. But 
Ibat is a bypoibeiicid conclusion, of Ibe 
juBiicu of wb'lcb you bnve no absobile proof 
stall: it is only leudcredbicbly probable by 
a series of ioduciivu aud deductive leoson- 
ings. 

1 suppose your first action, assuming you 
HID a man of ordinary cominou-aensu, and 
Uiat you have cslublislied Ibis bypolbe^ia to 
your owu satisfaction, will very likely be to 
go off fur tbe police, and set llieni on tlie 
track of tlie burglar, with the view to the 
recoveiy of your property. But just us you 
art) Blaillng with this uti^^ wnofii ^«i.*na. 
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3, aniloQ learning wliatjuuureabnut. 
My gJo<1 friend, yoii nre going on a 
[leal ijcul tuo fael. llow du you kuotv Ihiil 
nlio really mude ilic iiiiiks tonk I lie 
iipiions? It inislit liairc bci'n a monkey lliut 
Wioklln'm, iiii'l ilio man may liavo mcicly 
looked ill iiflenvard. " You would proljaliiy 
reply, " Well, ilmt is hU ?ery wull, Lut yoii 
■ee it l9 coitlmry to all cxpeiiencu lit iiie Avaj 
tuspotj nod Bpouua are abslracled ; so tliul. 
*tauyriiie, your Lypotkesis is lessprobablu 
thsu mini'," WUlIo you aro tulkiug ilie 
thing over iulliisway, aDii11i<?rrrii:iidarrivua, 
una of that good kind uf [idoplu thall'WiLs 
tnlklDE of a lilllo wbilu a^a. jVud tic luigUb 
Bay, ■^Oli, my deiir sir, yuu arc i;eriiiin)y 
going DU a irreut ilcul lua iaxl. Yuu are most 
prexuinptuouB. Y'ou odiuil Ihut nit Ilicso 
iicourrencea look iiluce when jriu want last 
aeleep, n.l a lime wheu you tuulil not puBsiMy 
liaie kuowa nnylliing about what v.a3 tak- 
ing pliice. Urj%v do you know lliat Ibu laws 
of nature iire not HUBjicnded during tbe night 1 
It may lio Ibat there Ims been Bomu kiud of 
Bunernnlurid lottrfe' ■ ■• ■ . .. i 



J dtelnres IbHtyimr liypolbc- 

f wbiuh you eaunot at all ikmou- 
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Well, niivi', you cnnn.it r.t tho moment an- 
Bver tliiit !:liid oT Rii9(.mng. Yuu tix\ tlml 
your u'Diiby frienil baa yuu Muniuwiiut ivt n 
(liaaUviinUig^, Yoii will fwl ijcrfeclly cou- 
Tinced iu yimr rini mlud, huwevi-r, Ibat 
you are uiiiti! tigbl, a..d you say ta bim, 
"llyguod fiieml, 1 ciiu ouly bj guided by 
the naiuiul ptobublbiiis of \Lq case, and if 
jouwill bu kludiDouHli to Eland aside imd 
permit mo to puns, I w.ll go iinil feteli Ibo 
poliue" WpU. wo wI I Buppaso lliat yuir 
Jjuincy Is successful, and tliat by good ludt 
you meet nilli a pullcemati ; lliat eventuality 
the burglar Is found whtiyour property caliis 
^K^BOD. and ILcmarUscorrLsputidIo bis band 
And 10 bis biiola. Probably any Jury would 
euDsider IliiiBD fuels II very^od tx|ieriuien- 
ial TerificalioD of your liyputlieKis. louciuiig 
tbu caiise of the ubnor'uul plipoiimena ob- 
Bei (red iu your jiaildr, aiiil wuuld not uccerd' 
Ingly. 

Now. in tins suppoBililious ease 1 liaru 
taken nbeunmena of a vcrv common kind, in 
order Ibnt you miglit see what aie tbe diHer- 
eiil Nlups in un oidlumy prucebs uf reimnii- 
iiig, if i i>u will only lake Ibe tdmble lo ima- 
lyzb ilcarerully. All Ibe operali.itis I liuvu 
(Irteribeil, yuu will aee, iite involved iu Ibu 
mud of uuy man of Btnso In leading bim Iu 
19 lo Ibe course be slioiilil lake 
!(i oiiltr 10 make good uiubbery and | iiiii»li 
ilie oflt'odcr. 1 fay lliat jou aie lud. m Ilmt 
c;e8C, to your eouolusiou l)y CKaclly lliu came 
bHln of icasoulng as lliuL wbii'b a luua of 
Bcience pursues wlieu be ia eadeavoriug t'j 
diacover ilio ori^^n nud laws of tbe uii ti oo- 
Ciult pbeuoiuimu. Tbe proci-BS is, and lUways 
must lie, llio Biime ; nud precisply the same 
node of tcasuuiug waa employed by Kewtua 



nud Laplace In Iheir ecdeavon lo diBcover 
iinddefluB llie caufica of llie movimcntsnf 
lb: bdiTenly bodies, an you, Willi youv a 
cnmnioa-senBu, would eniplKy li ddecl 
liurgbir. Tlie only dl/TerincB i'. tl.al i 
naliiro of Ibo ia(]uiry liiiur nvnuilisitu . 
uieiy (ilepbus lo bo iiMSt cuicliuly waiibtd, 
BO lliai Ibcro may n',l bo n Bingle ciack M 
tliiw iu your liypulhefiia. A flaw or crock in 
many ui tbe bypolbeses of dally life nuiy luf 
ofliltloor no moment as nSecling flie gen- 
eral oorrcelneBs of Ibo cuuclusinua nl wbiclA 
wOmiynrrire; but In a scientific inquiry ■,' 
falliWT. pTtat or Bmall. is iihvflya of impor- 
luace, and is Burc >o be couslaoMy prodiiclive 
of mifohievoua, if ri'.t fulnl, lesuita in llui 
long run. 

Do nut allow yoonelrcs Ij Iw milled bJ 
Ibu rommou iioliDU llint n bypolbui 
tnistwuilby tim[.ly Uciittse it is a bypollv 
csis. It ij ofieu lilted, in re^peol to u.mt 
sclenlitic conclusion, UihI, afler nil, it is cul]^ 
a byi)0lbiBia. Cut wIkiI mnio bave we ti 
liUldeuBiu niCDlintbsof IbeinoBiimiioilaill 
uffalrHOf daily life Ibun bypothnes. and otual 
very ill-liatied f:ocsT Sj Ibnt in e 
where Ibo evidenco of a bypuIliesiB 
iecled lo tbo mrst ligidexninlnulioa, ironm 
rightly purHuo tho same eourw!. Y(ni n 
buTo iiypolbeMCH and liypollieses. A n 
may > v, if bu likes, Ibat the miioD ia m 
of greei cbeeao : tliat is n liypoi liens. J .. 
anoihLr mau, nbo bas dcro'ied a gtcat (loi 
cf lima and aUi'QUoa in Ibu BulTjecT, aa' 
availed Lininclt'cf Uio most (inweilal t*l> 
ccopcB ODd ilic resiillH ct ibu olii«rtaUonB 01 

ollieis, dfchirtH lliul iu Iiii opinion " ' "- 

obiyoampiised of maicHiila veiy _ 

Ibiiao of wbleb cur own Liiilb is mods s^ 
and Ibnt is also cnly a liypi.Uicsia, But; 
need uotlell yoil that ibcru isan enonnOQ 
differcnco in llie vuluo of Iha two liTpulhescb 
That one which is based on Bouud scieulilUi 
bnnn'ledgo is Huru 1a liaro a correnponding, 
value 1 and (bat wbieh is u mere hasty, intr 
dom guess is likely to bave but liitle %a1uc 
E»eiy great step iu our progress in discuvci 
ing causes has been made in cxaclly Ibesam 
way as that which I have detailed to you. J 
person observing the occurrcuee uf certal 
facts and plienoniean asks, naturally euuugli, 
what orocesa, wliat kind of operutlun linowi 
ti) Dcc'nr in uature applied ta the parliculal 
CHSe, willunniVfl and explain the myrtety' 
Hence yr.a have tiio acienllfic bypotbcBlB: 
iiiid its value will iiepruporlioDato lo tba<si 
imd I'limpleleiiess wllh whleb lUi basis !■■ 
been lestcd nud veiiflcd. It ia iu theso nwM 
leis as in Ihc commonest effulra of pracllcall 
life: the guess of Ibo foul will be folly, wliIW 
11iegui'Ea<if Ibe wise roan will conluio wi«« 
dnm. In all cases, you see lliat Ibc valuo uC 
llie lesult depends on Iho patience and failh* 
luloesa wllh wbicb Ihe invealigatDr applies 
I J his bypoLhLSis every piissililc kindol veri-t 
ficalioa. 

I dare any I mny liavo to return lo IhUt 
point by and by ; but having dealt Ibus fae 
with our iofiical methods, 1 must now '■ — 
to someibmg wbicb, pecbups, you may 
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ddPT tnoie inforwiing, ni. nl nny rale, more 
l«ii);ilile. Bm Id ti'ulliy llmre iiro liul few 
llliii(;»lliitl cnu hi- niniu ini[iiiilnntf()ryi>ii lo 
iindL'tKiHnililmn ilxt iiii/iiiHliiini.'<M«eH arid tlie 
iiitfHDS liy wlijiTii WB (iliiiiiri Rcieotific coiiclu- 
mime and ILeurice.* lluviog gtnuled Uiiil Ibc 
iiiijiiiry U a prugier imr, mid liuving deter 
mlbvd on IliC iiiiliircof lliu iiii'tlioilswuitiu In 
putiue, and wllifli only eim lend lo bikti'Sp, 1 
mtut uow luiu lo lilt cbiiKiilertiiioii of i iir 
knnwledgu cf Ihc uulutu k.r [liu proi:eb&ui 
wlilclt huvu itsutkd iti iliu picsenl ci Ddiliiiu 
cf orgsoic RHturr;. 

Uviv. lei mo Euy ul on'p. k>l snnic nf ynli 
mijiiudi'ieiiiiidmu. tb'iil fnivu extremely hllltj 
lo rn . 1 1. Tlie queBliou uf liow Ihc! prt'Si nt 
cumJ.i.' II of (.ij;iiiiic nuluie eiimu Dlimit le- 
lolvM lifcdriniiiUvuqui.'t.liimF. TLeDisi is. 
H(iw lisRnrpiuii: it living iiiiilli'rconiiiicnct'i 
its txii-lclicu -r Ao.I llir- HccLd is. Huw 
iuu il bun jitipHunlcil? On llie second 

■jnn I tliiill Iiiive mow losny litrcuftcr. 
m tlic Aisl iitif. wliul I iiuw Luve to sny 
^ for the must p3i 1 of a. tii !;allve clisi- 
fou ccttsidcr ivlint klud of ciidenrcn-o 
invcupoD iLismullcr, it will nHilve it- 
tdfintn Iwo kinrie. We may lifHB iiUtorl- 
ChI CTiduncu mid we muy liuvu (-xi>cri menial 
ovidcnco. U is, for exumple, (ttictivuhle, 
Ihat inasmucli as tlie liatdened uiml which 
foiiosa coutidcrablH potiiou of ihu tbickcicfii 
or 1 ho curl U'b crust cunlnlna Soillifid leciiidB 
n( the piuC forms of life, and inwmuvh aa 
IhrtO differ more and mure aawego fuiUipr 
dowD — Il (s possible Olid eonueivsLle tliut we 
miiAtcotxiciosomc purilcuiarltcdor tlrulum 
wlfkli slioiild couluin Ilie remuios of iIiubo 
cifiaiti'CB wilb wliicli orj^nic lire be};aii 
apOD Ibo curlh. And if wc did so, aud if 
well forms of orgnuic life were prcGerviiblc, 
We ehoiild Iiave wLul I would cnll liistorieal 
etjdtmec of tlio mode ia wiilch 'jrfniitic life 
lirgsn upun ibis planil. Mauy persons wdl 
ttu J'ou. nod iiideed yoii will flud it Blaled iu 
aianyiToika on geuSogy, lliut this lias beeu 
doue. and tbat we ii-alTy poescsa tuch a tec- 
Ufil : Uicro uio some wiiu iniupne lliat the 
earravl forms of life of wbicli wc Iibtu oa 
<nt diBUUVersd miy lecoids iiiu ia liulli llio 
unnu in wbieb aoimul lifu brgnu upuu Iho 
clobo. Tbe (crouoda od which 1bty baiie 
tout ciippociliua uru IbcBtt : Tiiat if yuu go 
(brougb Ibeeooimoualbickoesaof IheeHrlh's 
onuL and get down lo Ike older ruchB, iho 
lUgber veriebtale animiiia~lLe quadriipeda, 
Ililda, Apd li!-be«— cease to be found ; beiieulh 
til- til V'^u Ihid only Iha ioverteliialu animals ; 
■ '-' ■!■■■ (titpcst nod lowesl rocks those ic- 
-"." sL-anlitr and svNiilier.mit io nuy 
< pmgretHioii, hnwLvci. uutii, iil 
i<:i[urc luppOEcd lo he the oldcft 
.'KTiml remiiiuH whieli aie fuiinil 
[ nil- iiUiii..;-! iilwayB eonCiied lo tour forms — 
I IJUhamut. wilt, Be precise uulurc iauot known, 
wboUivr plant ur anbual ; Lingula, a khid of 

»Hidj fully Ihe doc 



raoltek ; TrilobilM, n rioslucenn animal, 
Imving llic snoio esBenLial plan uf construe- 
lion, ibougli difTciiu^ in niauy details fiom u 
lob&ler or ornli : imd i/jmm^fflTO, wliitli is 
also It ciuslacean. So Hint you h;ivy i.ll Ihe 
Fauna rfduccd, nt iliisptriud. to fi.iir ri.iiiis: 

nutbinj; ab^iut, and lliiee unuoiihied nuiuials 
—two ciusloteiins mid tne molluslt, 

I Ibiuli. c'intukitiig llie in^nui mention of 
llicso mollUEca uuii ciuslnL'tn, and liidking ul 
Ibotr very cou~.plex aaittre, iLnl it di en in- 
dceii Teijuu'e u very strong imagination to oon- 
L%ivo thul IIloi^u weru Ihe Jifi^t created of uJI 
livlnt; Ihiiiga. And you must take into emi- 
sidenkiion Ilia fact thiit wo ha<e not ibe 
slighlesi proijf that theso whiob wu cnll Uiu 
oldest be<l3aic iCuDyso: 1 lepful, we Uu»i! 
not Ibc shghust proof of il, VVlien joii llnd 
in some places ilmi in an cnurmuus iideknesa 
of roekalliciooro but very scanly liiicee Uf 
life, or absolutely nono at all ; and Ilial in 
other puits of the world locka of the f ery 
same forniutian oio crowded wilb lbcrei:ui'ua 
of liviog fcrms : I think it ia im;i<)Btilile to 
pines auy reliance on the tnppusiUon, ur lo 
f et:l ouo's self jusliBodiu supposing that Iheiu 
are tha forma lu whioh life Hrot cunimL'Uced, 
I b&ve not lime heru lo euter upon tlio leeh- 
idtal grounds upon wliieh I am led lo ibic 
coudusiou — that cuulii hardly hu ih,nc prop- 
erly m baK rt duzen leclurLS on Ibut [lait 
alone; I muit content myself wiili anjing 
Iliat I do not at all bdluvB that Iheau aru Ibo 
oldGst^ounsof life. 

I turn lothe exjierimeDtal Mo In see what 
evideuce wb bavo tliore. To enulilo iw to 
say that we kimw anything about the experi- 
mental origiiialiou of orgaulKalion and lile, 
the investigator ought lo ho iiblo lo luUe iii- 
urganie mattutB, such as carbonic neid, am- 
monia, water, and Kalines, ta any soit of in- 
nrgiiuio ciimliiuiition, and bo a!)lo to huil.1 
them up into proiKino miiller. and iltat ihal 
pioleinu mallitr ought la begin lo live in ai^ 
organie form, Tbat, nobody has donu as yet, 
and I BUSueoE il will l)e a long whili: heforu 
anybody does do il. But Ibo thing is liy nt 
moans so impoBsIhio as it looks ; for Iho lu- 
seanibcs of modern ubuinjstry have Bhown 
us— I won't Bay the roiul toward it, Inil, if I 
may bo suy. ibsy biivu shown the linger-poBl 
poinlini! lo llio road Umt may lead to it. 

U is not many years ag.i— and you must 
recoilBCt that org;inic cUemiJlty is a young 
arienee, not above a couple of gcoeralioiM 
old — you iniiat not expect too mueb of il : It 
is not many years ago sinco it was said to be 
perfeclly iuip isBihIe to f abrieatu any organie 
compound : Ihut is to Bay, any nin-mlncral 
corop.mud which is to l>o found io an organ- 
ized beinii. It romained so for n very long 
perio.l ; tiut il is now a coiisidurabio numlier 
of years siacu •disliogiiished f.iruigneliinilst 
coQlriviid 1,1 fslirieate urea, a auliitiiaco of a 
very (implex cbatacler which forms one of 
llle Wiidlo products of animal slruelureB. 
And of lilu years n. numlier of other com- 
pounds, audi as butyric acid, and otiiurs, 
havu heeu added to iho VtA. imL»i.iv!A.\^ 
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u thnt cbcmtslry !■ <"> CDarmmiH distono^ 
1 llic guiil 1 indicate ; all I wieii la pjint 
^_- to yoil ii, lliut it 14 by no means saro li> 
My UiM tiMl g-jai mny nut Iw leiiched oats 
diy. It nuy IM iliat it it iinpoiuilile for iij* lu 
pro Juci! tliu CDtt'JiLioaa requisilc U> tile m igin- 
mbn of lifu ; liiit wu must speuk mwieally 
ftt)uut til) loitlt^r. unj rccdllect iliat Science 
lui) put lier fuut utHin Ilio iKiitum round uf 
the InilJer. Truly lit) wuuld lie a bold niuii 
Wlij wuul J vpnlum to preJiet wlicie abu will 
bo llfly years lieDra. 

Tbufo is auolber inquiry wliich bcurs in- 
iliructly upou Lliis quesLlon. bdiI upon wliicli 
I ._..-■ ..... „ f«.,. .., ..^i, YuQ aru all of yuu 
1 of wtiiit ia cslled 
Our fiirefulhuia, 
n 10 ilie aeTeotcenili cciilury or iliero- 
lU, all imasincil. In pcrteclly unoil fallli, 
C(irl:i)n vcKetabIa anJ animal fornix gave 
I, in Ihii procRss of tlieir diicomposiiuu, 
,sact life, Thiia. it you put « piece ot 
I iu the sun, tind alluwcJ it to putrefy, 
tbcy conceived ibat ttiu grulM whicli sjon 
If-'ii.iii to ftppear n-uro tlie result of tlin uclioa 
ii piiwur uf apijntaneouj gUDcrntioa wiiicli 
lineal uiiutaincd. Andtlieycoulklgi*e you 
^uipis for milting vurluus anlmnl Hurl Te^- 

Inular kindt u( animals. A very UiBiiin- 

piisliuil llallaa nnturalUt. Darned Itedi. touk 

■ I lis (|UMil.)n lit a lime wlii^n' cverj ln>dy 

" "-il m it ; nmmg olhcra uur own gmaX 

■, tliu dlHCDT rur nf tlie eirciilali.ia of 

: bliind. You will conalnnlly find liia 

! ipiiilud, however, aa an nppnQi'ul nf 

lictrine of spontanenuj gKncrttiion ; but 

Rihu f'ici is. and ymi -will we It if you will 

f i$ka llVJ Lroiilile l^i 1 >ok iuto lil.^ irorka, Har- 

I wy liiilit.'Ve'i it ii a^ profoumllf n* any man 

of his tlinu ; but lie happened lii onuni^iale 

B rary curious propnsitlon — that every living 

thini; onmu frnm an e-m ; lie did not inciin tu 

wu Hid word in ilie Muse in wliirli we miw 

employ it, lie only meant to eny Hint every 

livlnir thing nrkmaled in a iilllo rounded 

parlicla of uripiniEeil subsliuicu ; Had it is 

fiiini i\\U riii.'Uiiislaiicr, probably, Dial the 

uuiioiiiirHiiivey hiiTiDKOpiHibCililiudui^iriiin 

urlKlQiiicil, Tiii<n cumu Ihtil, uud liepro- 

cevuvd lu itpsel Ihu doL'lHiiH In u loiy i^iiiiple 



you took some ordinary lilacic pttpper or 
foms hay. and eteepe^l it in waiiT. yuu woHlil 
liul in iho cQurac of u f?>v days Ibat llift 
WHlCT liad becime impre^nlerl willi an fm- 
cncDsa numlwi of nuimairuics swimmiiiK 
HbdUtinall direrlioDS. Prom fai'.ls r[ Ihu 
kind natiiralisiawcrelpd lo revive Uietlieoiy , 
of spunliineous peneralion. Tliey were 
hettdid here liy un Enitllah nutnr.'didt — Need- 
liam— and aflerward in France by ibe Ienm«d 
Bufinn. Ther said that lliese IbhiEt irere 
alls liiii'ly liriretleii in Ilie nnlcr of ibe de^ 
caving siilHlii'nces out tit vbicb Ibe infiisloa 
wiumal", II did iiol matter whclber yaQ 
lii'k ikiiiniul or vep^Inble m.illcr, yi u bad 
only t ■ sitvp il in water and 'xpuse il. aiia 
VI li w.nild Booo have plenty of animalcidea.. 
Tliey iiiiide n hypolhcRls nlnnt Ibis wIiIA' 
na^ n very fair rue. Tbey Giiid, this mallv^ 
of Ibu animal t--'-' — "' "•-■ '-=-■■— -' — '--"^ 



>rld. or of Ihi: liiffber phtolb 
ad. but in iiBl.ly it liu ■' 



He 



with s. 



■ exiused it ij lllB same cindiliuus. Tile le- 
SUll uf this was Ihul UngiNba orlmwcta wero 
prcMluced ; he pit'Veil iiitii tliu giubs oii^l- 
ualed from the iusdi'iBuh.iciimtiuiid deposit- 
ed Ihuir ejtgi in ihu nieni. iiud tliiil ihey were 
hrtichcd bythu heat i,t ibe ami. By this 
kind of inquiry he ilinri.ugbly iips<t the doe- 
' ' of apuniaaeouagenuiaiiuQ. furhisthne 

ti rnnv (lie dlBCovcry and oppU'-ation 

•■ ■ "" •■■ ■•'■^iiiifie muuliiea. 

llullllle^icleI»lhe 



\ ihingsnliic'li could befili- 

lainKl Hppnrenily alm(>.>l nt will fniiii deeay- 

If veguiablo niii uuimikl foima. Tiius, if 




Hamo way as the 

llivy unco fornii'd «. pari. 

The quesilin naw In came very hnlly de- 
lialed. Spallnniuui, an llaliim Duluiidist, 
look up (ippobilG views tj thusu of Keedliaci 
and BliSuo, nod by meuni uf cerlaiu t'spcii 
lui'ni.i bu ali'jwed that it wna quite poBsihli 
III Etop llio p^o^eaa by boiling Iha water, and 
elasing Ihc ve!iael in wbldi it wua conlalnC(l> 
" Oh I" said bis opponents ; " but what do 
YOU know v<iu may be doioj: when you heat 
ihu air over Ibu water iu diis wny» Tfitt 
may bu duslrnylDg aome property of the aif 
lequUile for Ibe Eipontaaeous gcueralion of 
the animiileules." 

HowevT, Spallanzani'a views were anp- 
posed l<> be upon Ibe right side, and tli'tse of 
tboolhem ftll into disnTcdIt ; allbuugh Ih^ 
fuel waa thai Spailanxuul had not mude good 
his views. Well. then, the subject canlinue* 
to Iw le'lved from time to lime, aud expeit- 
ments were made by several pemms ; buV 
these exiwriments were -nol altngelhcr sails* 
Taclnry. It was found that if you put an In- 
iuaion in whrch animnlcules would appear If 
it were exposed to tlie ait Into » vesfiel audF 
boiled il, sad llicn seated up the mouiU of 
the vessel, ho that no air. save auch as bat^ 
been healed lo 313°. could n'ncli ila i'(iutentil,> 
that ihcn no animalcules would be found f 
but if you iiMik Ibu !«mc VEKel and f xpoic^ 
the iufusion lo the oir, then you would (tct 
antmalcolea. FurLhermore. it was found 
that if you ronnerled the mouth uE IbfivCEsd^ 
with a red-hot tube in such a way Ibal thCh 
air would liave lo paaa tbruugh the lu! 
fnre reacbing the infusion, Ihnl Ihrn voir 
wi'uld get no animsltulea. Yet anolbcr 
Ibiug was noticed; if you ti^ilt twofluk 
iTontainin;! Ibe tuma kind (f iafufiion, ani 
If'fi one cnlirely exposed t<i Uie air. and H 
Ibe mniith i.f Ihe other placed a ball of eot-- 
ton-woul, so that the air would have to fllle^ 
ildtir Itiiotii^b ttliefiirereacliim^lheiufusioa, 
iliai ihiu, Jihoiigh you might have plenty 
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of natmalcnlea in the first flask. 70u 'vould 
cerl;iiuly nlitnin Dooe from tlio Muiind. 

Tinjiii'txiwiimi-nts, youaee. alllenileii tow- 
trd i>iiL> I'liiK'liisinn — iliul iLs inCusuria were 
Ji-Ttlnpcil riiiiii lillle minulL- Bporra or pcjpi 
Hlittii wt^rt (.'[luelHDlly floHting iu llio ninioB- 

fiUtrc, wjiicli iuBtJlUeirpovrtr 1)1 j!«tniimlion 
r ■ubjcL'ii'it Iu litut. But due ulimvL-r now 
miiilo Hnoiiicr experi&ienL, wLlcli aei'mcil to 
go sniiiely Hid (.llier wfty. and puMltU liim 
»lIog«lliFr. lie luok BiiQie uf tliia boilud iu- 
fUBino ttial I Imve been speaking of, null by 
ibeUM of umeicuriBllmtu — nkiudiif Irougu 
leed in labotntories — be deflly iiiverlt'd a 
TCKCl conluloing tbu infiisinn inlo Ihu mer- 
cury. M Ibat tbe Isller Tfaclinl u lllllc bo- 
jutm the level of ibe moiitb (if Iba inserted 
TCEBCl. You Bee Ibal be tbus bad n ijnuDlily 
of tha lafusiou eIiuI off fruin any pusalble 
COminuDlt^aliou nith Hie oiilcr air by being 
tavfrted u|>an d bed of meicury. 

li« llieu prepared Moine pure osj'gi'n Had 
nilFcgro gases, and passed Ihcm by ineami of 
I IuIm gams from Ihe ouleidu <if Ibu vessel. 
Dp (liruugli tbe mercury into Ibo infusion : 
fO tlint lie thus bad It exposed 1» ii peifectly 

Cie atmo^plicre uf Ibe Bame niiiiGlilux^iita ns 
I exl«rtial uir. Of course. Iio tspecicd lio 
WBOjd eel no Infnaoi iat animalcules st all in 
tlliit InfiiiiRn ; but. Id bis great <Iii^miLy and 
dis?r>mfi(uie, lio found lits almuft nin-aya did 

Furlbermoreil lias been foundlliat experi- 
ments ina<k' in Ibc manner described abovo 
answer will Willi motit iatiiflonH ; Lut that 
If you Sll Ibo Texsel wilb buiUd milk and 
lb«a etop Ibo neck ■n-ilb cnllon-wonl you 
wttt bavo Infusotia. Su Ibnt you gco Ibcro 
VMfl Iwo expeiimcnls Ibat bioirj;ht you to 
VIM kind of conclusion, and Ibreo to 
■twllier ; which was a most iinsatisfnelory 
ttalo rtt things to arrive at in a Bcienlilii: in- 
q[uiry. 

Bomo few ycHCs after this, tbc qiieslion 
bcf^n lo bo vety hoUy diBcuaacil in Fruucu. 
Tliere waa M. Poucbet. a prr.fcEsor at 
BmiCD, It very learned man, but cerininlj' not 
• Tery rigid eipcriincnloligt, IIo publisbod 
ft numbcrof cxpeiimentaof biaown, some of 
which wcru very ingenious, to show iliut if 
yita went lowcTk in aproper way, [here was 
mtnilbiullie duetrine of Bponlaocoua gen- 
crallun. Well, it was one of Ibc luosl fur- 
tntinla things in the 'world Ibat Jil. PducUot 
took up Ilua uueiliou. because it induced u 
dialiDguisbed French chemist, M. Fuiiteur. 
19 take up tbe queeiion on the oilier aiilo ; 
■nil Uo has certainly worked it out in. the 
mrrt jlerfttcl manner. I lun glad to say, too, 
Ibni lio liBspubliBbcd bia reseurchus in linie to 
tanhlcmulo give you an account of Uicm. 
Be Tctifled ell Ibc eupcrimenls wbicb I bifvo 
Jntt mtnlioned to you — and tbeii finding 
IbiMc extraordinary anoiiiulleti, as in the cuso 
of ibe nwrcury batii and tbe milk, ho set 
Unwelf to wolKtodiacnver tbclrnalure. In 
Uie cose of milk ho found It lo bo n qi!c~licn 
«f teuipcmture. Milk in a fn-sh Eliiio is 
lll|:hUy nlkuline : and it is ii very curious 
-' — but Ihis very aiigbt degieo of 



alkalinity aeema to havethccfCcct of preserr- 
ing tbe organisms which fall into it fiom 
the air from being deslruvcd at a temperu- 
luru of 213°, whu-h ia llie luiiliLJir p'linl 
But if you raisB Ibo tcmpcriilurc ],)' win a 
you boil it. tiiemilk behaves liUu evco'lliir.^ 
cthc ; and if tbe air with which ii CLr.ii.:] iu 
conlQcl, after being boilpd al Ibii linip;ra- 
lu'e. is puKsed Ibiough a reJ-bct luiie, 3'ou 
will not get a Itace if oiganismG. 

He Ibeu turned his ullcnlisu t!><hoiniir- 
cury biiih, and found on iMtminuiion that 
the Burfaccof Ibe mercury wiisalmn^luiways 
ciivcicd with a very flue dutt. Ho finiiid 
thai wen the memiry llaelf was ii.itiiive!/ 
full of orgaoic matters; ihni iviin luiLg 
oonslnnlly exposed to lliu air, it b»<l ciilleelcl 
an immense numberiif Ibesc infiwniial orruB- 
isiiii from theuir. Well, uaderlhuso cinnini' 
eunces lia fell Ibut tbe case was quile oiear, 
and that the meicuiy wua uiit what il hiid 
appeared Iu M. Schwanu to lie — u bar to (ha 
admiasiua of these urgnnlsma : bu- Ihiit ia 
re-uliiy, it acltdosa reservoir liomwbicbiUa 
iafiislouwas imm<.-di4tcly suppliud with ilH 
l&rgo quantity Ihikl had so puzzled bim. 

But not caoleut Willi LXplmuiug lUu ex- 
periments of olhBta, M, Piisiuurweut lowurk 
toauUify birnsiilf compleluly. He said to 
himself: "If ray view is right, and it. ta 
point of fact, all those nppeuruuuca oi B\>au- 
taoeous geaeratim aru aUiigether due lo ihs 
falling of miaiilB germs su;pnni1ed ia Iha 
atraoi-phBre, why. I ought not only to b« 
able to shsw llio germ^. liut 1 oiigut to Iw 
able tu caich and sow itium, and uroduce Ilia 
resulImE organisms." ,Ue, ui'uordingiy. con- 
Etructeaa very ingenious appuritlua loeuiiUla 
him 10 Rce.nmplish this Irappiag of llila 
"gem dnil" la tbe air. He Ilxud in Uw 
wiudoiv of his roiim a glass luba, in Iha 
centre uf wbicb be bad pliLCcd a bull of gun- 
cotton, whiuh, as you all kojw, is ordinary 
ciiltou-w.i;)!. which, from biivimj boe-n 
aleepod ia strong ucid, is c juverted inlo a sub- 
BluncB of great explosive power. It ia also 
aolublo la ah^ohul and ether. Uno end uf llio 
glass tube was, of course, open lo lliu exter- 
nal olr : and at tbe other end of it be placod 
an aspiratir. a cootrivance for c^luhIiij; a 
current of lliu exlerual air lo pass ibrauffh 
llie lube. Uh kept his apparatus going tor 
four-uud -twenty hours, and llien lemoveJ 
thn duplet gun-ex)tti'n, and diHSiilved il lo 
aleobol and ulbKr. H i then allowed this ta 
alanil fur a few hours, arui llie refiiilt wm, 
tUai a veryflno dust was gradually deposited 
at the bollom of it. Tiiat dust, on lieittg 
transferred to tliu slugs of a microacope. was 
found to contain an enormifu^ number of 
statob grains. You hnuw tliat the muleriala 
of our f.iud and tlie greater p'Jtliou of pkuto 
are composed of sidrcb. and we ore con- 
Btaully making use of it in a variily of ways, 
so that tberu is ulwaya itq'ianliiy of It eus- 
pended In Iha air. Il is IliesJ ulaich grains 
which form maey of those bilgbl specks 
lb»t wo Hue d.iueingio a riy of llghl Home- 
times. But lirsiJes lliesi'. SI. Paalcu.( (uiwi. 
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I. Buch lu titatea of ftio^i. which 

1 Qmlin:; about in Ihc air unil liad 

... <I ia Ihis way. 

[fo wuat farilinr. nin) s«i,] to kimseir. " If 

I (fiMi reallf nre Tin; iiii:i^i iliii f;l*ii rise to 

' lb I uppeatnari) nf H{)i>iilaiii«iu« gvneralloa. I 

' OU^lit to bi abia li \ ivUu n IniII u( tbU ilutteil 

I j[uu-ci)l[»n uni put il ml'> noo of roy vvkscIs, 

I twntainiu^ lli^l IkiIIcI iulu^on wliicli lias 

''»n kept nwa/ f rum liic uir. and in wiiidi 

uii inrit'orU u-f iit prewal developed, uud 

I UlKli. ir I am rigtit, tlic iaLriducLion of llils 

[. gi'O'CiilUiD will gi»u lite lo orgaoisins." 

I Atxtriiagly, Jib tank oit uf Ibeea venelH 

I At infnjiiDii, wliiiiti liiul Iwen kept eiguteen 

I innnlli*, vriiliuui lUa least sppoaraoce of lifu. 

I «nil bf » most iogealaus cotitriraacD he 

iniin:(^;;il t3 liruak it open Hud intrwluco sa<ih 

. t bitlluf giiD-cotlon. wiUioat allowing [liu 

I infwiiim or t!ie colt^a bnll to coma into con- 

I 'lAct with nay uir but iliut tcliich had been 

^'-ibJ'iolBil to u fe;l lient. nnd in tweoly-foitr 

. luralitibad tliecniUfiKtionof flcJingitll ilic 

IcdIciUlaus of <vUiil imil bcea hUhoito ciilint 

L'fltjninaa'tus g':iierolion, Ue hod siiccucdcd 

*a OJluUiii;; llita ;;ermi nod dereloplag- orgno- 

— LI iu llm way hi baj nnlicipated. 

t now Blriifk Iiim ihat liio iruih of lils 

IPQUIu*! Ill* utislit bd demoDHtraled -williniit 

ill tUii uppnraiUD Itu hnd cmplr>ycd. To du 

^bl*, hu lout airna decaying: QoIinHl or vege- 

J3»blj imlistiitire. srich na urine, which 1b Hn 

^Xlrmanly ilouumpoBuble subatnace, or Ihu 

nitlUD iif /UitiX, or perhi^n? potnu otber artlll- 

fiAvX prcparnticin, imd filled a vmee] having a 

tin I w til I 111 111 r mu-k, with It. He iben boiled 

[ 'llio ll<li-t 1 iinrt bout tliHt long neck Into an 8 

, ibapi "t Kjir.z,!!;, iL-nvinK it open at the end. 

I ■Tliaiiifusiiii Iben gn'i" no (roL-u of any ap- 

Lpcit'iiucu ')f tipnntanvo'js gDucratinn. how- 

1 8Tor long it nitglit Iw left, na ol! the gernie In 

Eibo nlr wuic depDaiii'd in the begjunlng of 

Tilhu ben: nuck. lie ibcn cut Ibe lulie doite 

J 10 tliv VL-pstl. uoil ullowcil llie oiilinaiy uir tu 

Ftlinvi! Tri'u iiud direct ai'utiu ; uud ibi; result 

|'*iil' Ibiil wiiH llie eppeiiruDce uf orgauiema in 

soon lis ilii! intutiou bad been allowed 

, _ _...nd Iniig utiuugh 10 ullow cf Ihe gruwib 

Cf IhOBe il ii-ceiveU frum Ibc uir, wlticli wiis 

iilKiui foiiy-elgbt hoii.s. Tbe result of M. 

Fttali-ur''' I'xperimcutB proved, therefore, Iu 

Uiii miif-t CDutliialvw manner, that alt Ibo op- 

DciinLD<:i.B of HpriDlauenus geuLTation aro^u 

irom uotbing morelhnu IhedepnalUou of liic 

Puns of orguuisniB wbicb were constantly 
inling in lliu air. 

''■■* lliis ciinclusiau, however, the objection 
tniido, ibntif Ibut wero Iho cause, iheti 
nlr wniild uonuiin such tin euurmoua 
; 'anmber of lliusc gBrme, lliut it would be n 
ml fog, Sm M. PHsleur replied Ibiit 
■ thiy !iii) iini ilii.fi, in nnylbiiig like Ibe nuni- 
*■■ -.V!' ii'ii'1,1 sii[>pn'^r. iiri.l Hint an cxnggei- 
'■■ " I; ■■ Iri M 111 111 i.n Hint subject" ; Le 

■ I.I i!. .1 ;!!i' I ]i:.piL< . L 1 niiimni or vege- 

■ lii- .ihlr'ii'lii'.' in iir,ii-.iij[i3 depend c-D- 

r I II Hi.: Liiiyiliiinii'q iieiiIit wblcb lllpyiirn 

iHfil, If llipy iiro cxiioscd to [be()rili-. 

iilmuspheru around na, why, ol cnurwi, 

r may buvo orgnnisnis appearing euly. 



But, on tho olber hantl. if tbey ari: 
to sir (rum agr«it heigbt. or from eome ve 
ij'tiet cellar, you will often not find u sin^ 
tiTico of life. 

So that M. Fasleur aniTcd at Idf t at I 
clear and deDnite result, that all theae ii 
penninijea arc lite tbe cose nf tbe worms 
lEie piece of mmt, which was refuted 1 
Redi, simply geims carried by tho air ai 
deposited in Ibe liquids in which ibey afli 
ward appear. For my own pari, I concei 
ibal.wiih tbe particulars of M. Pasteur's e 
liermienla Iwfore us, wc cannot fail lo arri 
:it his conclusions, and ibat the doctiine 
bpontimcons generation bus received & Ai 
coup lie groer. 

You. of course, undetsland thai all this 
no way inlerferes with the poaUnUts of 11 
fabrication of organic mntlers bv toe (lire 
method to wbicb 1 liare referred, rumalB 
tliat posaibility may be. 

LECTURE IV. 



The inquirj- which we uoiiortook. at m 
last meeliug, into the alale of our knuwjedi 
of Ibe citusea of Ibe pbeuomena of uigan 
nature— of the past and of Ibe ptcstnt — i 
sulred itself into two subsidiary Inquirl^ 
Ihe first was, wLelber wc kuow lutyihiiii 
citliiir liisiorically or espei I mentally, uf ii 
modi] of origin of living Ixiiuga : tbu Muni 
subsidiary mquiry was, wbellier, gitiniic 
the origin, we know anything abnuL tho pt 
petuntion and uodiScaiions of Ihe funae i 
organic beings. Tbe leply which 1 luidl 
giVB to Ibe lirst question was uitngtdil 
negative, and the chief result uf my iuit Iq 
lure was, ibai neither bisloticaily nor n 
peri men tally do we at present bnow aoj 
tliioi{ wbalaoever about the ori^n nf llvio 
foinis. Wceuwllml hisloiically wn nruiq 
likely tu know auytliin); abuut it, althno; 



goal I indicated. 
1 now, iben, liiku up the next qiiestlQ 
Wliftt do we know of ihe i eproduclinii, tl 

Serpetuation. and ilic m oil if.cal ions of ti 
)rma of living beinga, supposing Ihat « 
have put Ibe qupsllon as lo their origiuulii 
on one side, and iiitve Hi<stimed that nl piese. 
the causes of their originntion are beyimd u 
nnd that we know nothing about llipm 
ITpon this question tbe slate of uur know 
edge is extremely different ; it is exceeding! 
lar^. ana. it not complete, our ^xpetieiM 
1^ cetlainly most eslensivc. Xt would be in 

foeiiiblo Iu lay !l all btfore vnii. nnd Ibo laoi 
can do, or need ilii lu-n'^bi. im ii> laka tl 
Ibt) principal jkiiois and put liiiin l.iri.ivy{« 
wilbsucb piomiucuce ls nin;' i-ii1hh.|iu ■& 
purposes of uur pieseul iiigiiiueiit. 

Tiie method ot thepoipt-iu.nlnu i-t orjninl 
beings isof two kinds— tbe ntexuiil rttiil lb 
sexual. In tbe liist the pcrpeluittion tal 
place from and by n poiticular act of wi ' 
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Tidual organiBin, which BomcIinitrH miy nnt 
he clasged na belonging to any tcx 8l oil. Jn 
llic Eccimil case, il is in conscquunce of the 
EautuHl oction null intcrnction nf feituin por- 
(iODSOtIlie<'jrj:aDUiiiauF nsirnlly twt> dittiact 
lirdiTlduals — UiemaleRuil ilm rtiniilQ, The 
n«» at aiKsaal prrpeluatiuii lue Ity ao 
mcuna »o cominou us thucasrs of mtuhI per- 
petUAilon ! and tLey are liy no ineBiis no 
ccumiontn the animal as in thu vijrilublu 
Kulld. You are all iirobsiUy fainilUir with 
Iho fuct. ett a matlrr of cxpcricntL'. lli»I juu 
con prap&gate planiA 1iy irKiiiia i,l wliai am 
Cflllutl " cutljugs ;" for example, that hy 
inking & cutting from n gei anitini plant, und 
rekrinj; 1C propeily, by supplylnj; il wilh 
light and wa:inlh hdcI uuutUIiuiciu from the 
tuth, it grows tin niul Ukt:a 1 he rorm ot Its 
parvnt, having; uti Ihp iiri.'peilii'sand peculi- 
«ritl<» of Ihc iini,'inii1 pUnt. 

gomelimea ibiBpiuceKS, which the garden- 
er performs orliflclally. lalica place niilu- 
rally ; lUat Is lo say, u lit ilc bulb, or pnTilon 
of ibu planl, deiitchcB iiecir, drops '.If. and 
I)t«(>niUtf dipnblu of growiaij us n separale 
Ihing. That ia Iho cbpo wiih many bulhnus 
pltDla. nliich Ibiow rft in ilxts wiiy krcond- 
' uy ba1i>s, which ai^ loiigcd in the gitund 
Had bvcomu clcvrliipcit ioiu planls. This is 
tn aKsnal process, ntnl from it leGuiia the 
rcnelitiun or rcpi niliiclian of Iho form of Iho 
sriEitml being fmni which the bnibptocccds. 

AiDQDg nuimnls the same tiling takes 

!>lane. Amunt; iho lower forms of imlmiil 
Ifu, the iafiiBOiial Bniiu(ilc-ul» we liaio ul- 
i«atly apciten of throw ulf cerluin jioriiona. 
or tirvak Ihemsi'lvi's up in varimm directions, 
•iKaclimc'4 tranGVersely or SDmclimca longi- 
indiAally i cr iliey iniiy give nil huita, \Fhlcb 
detach ili^ingclvcs and (icrclnp iniu their 
proper tonw. Tllcto is the common freab- 
inler polype, for ioEtanco, vliicb iiiiiUipliea 
UaeU iu this way. Jut^l in ihuMimn way as 
Hie fardeuer ia ahic to itiiiliiply and lepro- 
■iticu Ibe piH;u.lti[riti«s iind cbatuclera of par- 
Ucubr Dlunts hy meuna ot cuttings, so can 
Iho pliYHiologicBl wiiciimcntalisl— as was 
Auwu by llie Ahhc Tr«nil»lfy niony j-tnia 
Mgn — so can hu tiothu sumc thing with ninny 
of llin lower forma of animal life. tl. du 
Treiobley alioweil that yon could lake a 
polype iiuil cot il into two, or four, or many 
piecvH, muUlatliiK II in all direcliouti. and the 
pieces would atill grow np and irpiiHlucu 
itiuiplelcly ihu original futm of tlie nnimui. 
These arc uU coses of aaesual mtiUiplication, 
(0(1 llicro arc other inBlanceo, and eiHI more 
extraordinary ones, in which ibis piocees 
lakra place naturally, in a. more bidden, n 
nioro rccanditi; kind of way. You are atl oE 
nil familiar wllb those little groen inaculs, 
the Aphli, or blight, as it is called. These 
L.I.I.. ..„:,„nu, during n very conaidErn hie part 

-ifoco, mtiltiply Ihemsehes hy 

l.iiid of internal budding, tlie 

■ ' vdoped into esBetilial.j an-iual 

,< Il ate neither male nor fifmalb ; 
. , Lull": converted inloyoimg Aphulti, 
'•Itict) repeat Ibe process, and their ulTiipiiDg 
uticr Ihem, and toon again ; jnu may go on 



"f*.:. 



sof 



ir ten, or even twenty or more sac- 
; and there is noyerjgood reason tn 
soon it might terminate, or how 
ijrht not go on if the proper ccudl- 
varmth and nouiishiHEnt were kept 



Besual repruduciion ia quite a distinct 
matter. Here, in ail theae casea, what is le- 
quired is the detachment of two portiuna of 
thi! parental orgaDiacoH, wUcb portlonii we 
know as the egg or the sperm attiEO on. In 
plants it is llic oynia and the pollen-gtaiti, us 
in lilt! lluweting plants, or the ovule und the 
nnthiiroKODid. ua in the flowerless. Among 
all fiirms of animal life, the sperraaluzuii 
proceed from the male sex, and the e^g is 
Ihe product of the female. Ifow. wliut ia 
remaikalde about this mode of reproduuliou 
is Ibi3, ilint Ihe ei^g by itself, or the sperma- 
tozoa by themselves, are unable to nssumn 
the parental form; but if Uiey bu biuiiglit 
into contact with one another, tlie cffL-it of 
the mlxlnra of organic suhstanr^s proceed- 
ing from two sources appeals to rmifiTun 
nltogBlhcr now vigor to ilin miseJ pr>>duct. 
Tliis process ia hrouiht ahaut, a,5 wo ull 
know, hy the sexual iolercuurse of tlio Iwo 
neXBS, and is culled iliu act of impregnulion. 
The lusult of this act on the pact of tlio main 
and femulo is, that Ihu formation of u new 
bi'ing \i sft up in tho nvule or egg -, Ihiii 
ovule or egg soon licgins to be divide:! and 
Biibili Tilled, und to hu fa'diioned into vuridii^ 
eomplss orjaniams, nnd Dvenluuily to de- 
velop mio tliu form of oob of its parents, n» I 
cxpliiino,) in Ihii drat lecture. Thcsu are tiiii 
procesiBS liv whicii the perpetuution of 
orj^nic beings ia secured. Whylhoro should 
be ilio two modes — why this reinvigoralion 
aboulrl he required on the part of the female 
element, we do not know ; but il it most 
iissuiedly the fact, nnd it is presumalili!. 
that, however long the prncess of usi^xub) 
miiitipllcalinn cnul',1 be conlioircd— 1 say 
there is good rpasoti to believe that it wouli 
cutUH III an end if a new cnrnmifucement 
were nut obtained by & cDnjonction of Ihu 
two BHxual elements. 

That character which is common lo tlicse 
two distinct processes ia this, that, nheltier 
wt) consiiler the reproduction, or pcrjiel.ua- 
tion, or modlflcaiion nf organic hciugs as 
tlisy take place asexuaily, or as thcy may 
tak« place aexually — in either cose. I aay, 
the ottspting, has a constant tenduucy In 
Hssumi;, speakioff generally. Iho character oi 
the pareol. As I said just uo<n-, if yon liUca 
a slip of uplani, nnd lend it with care, it will 
oveiitiiaiiy grow np and develop io'o ft plant 
like that from which it had sprung: and 
Mils tendency is so strong that, lis gafdencra 



be heller pre-terved if you propagate it b.v 
mtmns of a slip than if yuu resott to the 
sexual mode. 

Again, in experiments «poal\wi\w«m ■oia- 
riJttU, such as tins p^\^\iu, 1.0 -vXivSQ A.\».-^a 
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raferrad. it is moet extraordiosry that, M- 
thoiigli L-iit up iulo *»riutis piece§. each pur- 
tinilur jii('<:Ei will grow up into tbe rorm of 
live s|[)ck : the head, if Hpparateil, 
xlucH tliH iMuly aad tUo luil ; and if 
iH lite tait fuu will Snd llint tli&t 
ill rcproduuo tlia body and all I ba rest of 

tmcmhers. witlioiit in an^ witj deviating 

<m Die plaa nf llie orgaatam from whicti 

ae pOTtions Lara btiea diitaclied. And so 
does tills go, that amnu ex per) men tali ets 

'B carefully pxumined the lower orders of 
_. imals— amuoy; Ihem tUo Abbe ypnllanisuai, 
wlin made a number of expoiimenls uiran 
■nails and imimnnndera — and have fouod that 
they might muliUte lliem la an incredible 
Mlcnt; ihdt Mu might cut off ibojawor 
Ibegtuuter paiioftbe head, or the ie^ or tho 
toil, aud repi^ut the experiment several limes, 
per liupn pulling i>ff ilie aiime member again 
aod eigaiii ; mid yet Bach of those l>-pt-s 
would be reproduced acuiirdiuK to l)ie primi- 
tirn type : niitiire rnjiklng im mistake, never 
putting on a fresli kind of leg, or biiad, ur 
tsll. but always tending to repeat and to re- 
lorn lo the primilive type. 

it \a the same tutu-xuiit reptodaclisn : it Is 
a ma'.tiir of pi-tfedly common esperienoe, 
(hal the tendency on the pHilof theuSBprJDg 
always is. sppakiu^ broailly, to reproduce 
tl)o f.irm of the parents. The pnivert) has it 
that tbe IblHlle iloes not hiing fotlh grapes ; 
8U, amung oursQlveB, there is always u like- 
ness, more or less miirlte I mid distinct, I)u- 
twccn rhildreu and iheir piiieiils. That is a 
matter of fiimlliiir and (iril;imi'y observation. 
We nnticu the same thiug occurring in the 
cases ot the domestic animals — dugs, fur iu- 
Btauce, imd tlieir offspring. In all these 
cases of propagation and jierpeLualion lljere 
seems to be u tendency in the offHpriog to 
tako the characters of lliuparealjil organisms, 
To that tendency a special nnme is ^veu— - 
and as I inny very often use it I 'will write 
It up here on this Uiackbiard that yea may 
remember it— it is called Atavism; it ex- 
presses this tendency in revert to ilie ances- 
tral type, iind comes from the Latin word 
ataJiU', ancestor. 

Well, this AtatUm which I shall speak of, 
is. S3 1 said before, one of the most marked 
and striking tendencies of organic beings; 
but, side by side with llila hcredilHry tend- 
ency, there la au equally dialinct and ro- 
mnrkable tendency lo vatiation. The tend- 
ency to reproduce Ihu original stock has, ns 
it wtre, its limits, and side by side with it 
there is a Icodency lo vary in certain direc- 
ti IDS. as if there were two opposing powers 
worliiny uijon tho organic liemg, ouo lending 
lo take it in a slraight line, and the other 
lending lo make it divercofrom tbut si might 
line, first to one side and then to tlie other. 

ai that you see these two tendencies need 
not precisely ccutmdict one nnolber, as tbe 
ultimate result may nut always be very ic- 
mole from what would have been the ease if 
Ibo line had been quite tttraigbt. 

This lendency to vurinLiLiu is less marked 
that mudu of propagaiina which aakeH 



place nsexually ; it is In that mode that Ili» 
minor ehmuc.ers of animal and vegetable 
Hfruclurei* ate moat completely preicrrod. 
Still, il will linpticn sometimes, that the gar. 
duner, when he has planted a cutting of buD" 
favorite plant, wUI find, contrary to hla e 
peclation. Ihut the slip grows up a little dlK 
feient from the primitive stock — that it pro 
duces flowers of a different color or mak^ 
or some deviation in nno way or anuihe: 
This is what is called the "sporting" i 
plnnls. 

laaoimals the phenomena of asexual prot^ 
agatiun are so oliscure that at present wd 
cannot be said In know much ahoiitlbemju 
but if we turn to that moda ot perpeluuliini 
wliich results from tbe sexual proccst, Ihei 
we Und variation a perfectly conataut oceiu' 
rence, to a certain extent ; and, indeed, 1 
think that a certain amount o( variation froa 
the jirimitira stock is the necessary result ol 
tbe method of sexual propagation itself ; foi; 
inasmuch us the thing prupngaled ptoceed 
from two organisms of different sexes am 
different makes and iem[ienimi-nls, and M 
the offspring is lo lie either of one sex or th 
other, ills itiiite clear that it cnnnnlbBM 
exact diagonul of liie two, or it would be t 
no sex at all ; it caunot bo an exact inienDC 
diute form between that of each of its parrot 
— it muBl deviutu t<i one side or tbe othr~ 
Youdd not find Ihnt the mule followa 1 



iallcs of tlie mother — there is aiwitys a 
porlinn of llie female chfiracler in the i 
offspring, und of the male character in 
teniaio offspring. That must ho qulle plaL 
to all of you who have looked at all nltcn 
lively on your own children or those of yon 
neighbors ; you will have noticed how rer 
often It may happen that Ihe son shall exh in 
tbe mnlemal type of character, or the dnugfa 
ler posses^ the characteristics of Ihe falher'i 
furaily. There ire all surls of inlcrmiiturer^ 
and 'intermediate condillDns between th 
two, where complexion, or beauty, or fift; 
other different peculiarities belonging i 
either side of the house are reproduced 1 
other members of Ihe anme family. Im' 
it is sometimes to be remarked in this 
of variation, that the varicly hHlangs, slrlctil 
speaking, to neither of tbe immedli " 
parents ; you will see a child in 
who is not like either its father or lis mother' 
but some old person who knew lis grand 
father or grandmother, or, it may lie, al 
uncle, or. purhaps. even a more distant rel 
alive. wlU see a great similarity between lb 
cliild and one of llieso. In this way it con 
Blaully happens that the characterisUe 
some previous member of tbe family col 
out und is reproduced and recognized in 
mist unexpected manner. 

But apart from that uialter of ceueral eJ 
peiii'nce, there are some cai^i's wiitHi put Ihi 
carious mixture in u very elf sr )i;.'bi. To 
ate aware tiiat the cffsprimr nf the ass an 
th.>iiorae. nr raihtr i.f tbe^bp-iiss and th 
mate, ii what is called a mule ; and, oo ' 
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-r hiuxi, llio oITaprJnK of llie slcUion nud 

)lie hIic nss i% what is callud a hin-ny. It is n 
'ory mru lliinit inllilijcnunlry losee nliinny. 
I iinrLr enw one mj^elf ; bill llioy have been 
iBty ciirefully aiiiditcl. Now. iIje curious 
'hill? is this, llint ollliniigh you buve the 
nnxoa v\>!DMiiM in llie fxpL'rimpnt in cnch 
cMa Ihe ctTsiirinp !b cniitely different in 
-icter, octording as Iha male influence 
s from lliu DBS or Uic lioTBt. WliKru Ihe 
MBia thu nnlo, aa in llie rn^i* of tliu niulo, 
you find tbut the bend is like llmt uf the 
•ffi, Ibal the OBIS are long. Itie lail ia tufted 
nl the cnJ, Ihe ftet ure smnll. Hnd llic voice 
Uan anniistaltuhle bray ; tlicEB areiili poiuta 
iif ritnilartty to the si^s : Ijut, on llie othtt 
band, tbo bnrrel of ibe body nnd llio cut or 
Ibo »«ck aio irnicli more like ilnise of Ibe 
mitw, Tlmn, ff you look ni ibp hinny— the 
naiiilt (if llie uuiou of the sivllioe und the 
flK-us. tbun j'oii Jind it ia the liaiee lliiit has 
Ilia piedominnnc c ; Ibnl Ibo bead is tnoio 
nko that of the hnrec, ilio eats btu hiiorier, 
Ibo li'CS ciiaiscr, and the type iaDllcgelhcr 
■Itered ; while the voice, insttad of being - 
liwy. is Ihe ordinaty neigb of the horse. 
Hen-, you see. ia n most cnrions thing ; you 
lake cxootly the sume cicnienis, ass and 
borsc. but you cnnihinc the Gcxes in a dilter- 
eut uiuuncr. aud ihe result ia modilled ac- 
rordlngly. You liiivu In Ihis case, bowever, 
• iMUlt which bi nut gunet-nl and universal — 
IbtiiD la nsuully an inipoi lant prepunderunce, 
btit not alwiiys on the Biime side. 

Htve. Ibcn. Is imo intulliglble. and, 
liq», ueeessary cauee of variation ; Ibt 
Umt Itoere we two ecxcb Bbannjr in (be pro- 
dncUon of tbc oflspiing, and that the sbare 
Ukrn by each is different and vnriable, not 
Mily fvr eacb combinatian, but also for dlf- 
(Ocnt lu^nibeis of ihe aainu family. 

Seuoodly, tbere is h var<Hiion. to a certain 
Client — tboujfb in all ptiihahility tbe inflU' 
encc of tbia oause lias been vciy mucii exag- 
intated— but theio Is no doubt iliat variation 
la produced to a certain extent liy wbat are 
ccmaitinly known aa external cociditions — 
tucb as IflapeiatnTC, food, wnimtli, and 
nalatuio. In the lonR lun. every varintion 
ilvpradd, in some senae, uoon ej-ternal con- 
dllKina, aceint; Ibat eveiytbini; lias n cause of 
lit otvu. I use Ihe term " external coudi- 
Unns" tiovr in Ibo sense in whlcb it is ordi- 
Dtiilv employed ; certain it ia, Ibat cxlernnl 
CHniUlionu have a dtrfiniie clTect, You may 
lake n iilanl v« bicb baa single Quwers. and by 
dwUtig with the soli, and nourishment, and 
I.I iin. yoii may by and by convett single 
* ' iLriible flowers, and make thorns 
iiranches. You nuiy thicken 
' lis modlflcations in ibo shape 
[a aniniala, too, you may pro- 
.. I i!-i changes in thia way 



Iw^tb of lime in tropicnl cnuntriei. You 

tnajraJso alter the development of Ibe muscles 

— y iDDcb, by dint of Vmining : all ihe world 

}wa iltat exercise bas a great effect in Ibis 

:/ ; we Etlwnye expect to find (he arm of a 
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blacksmilh hard and wiry, and possessing a 
lurge development of Ibe brachiH! nuiptlcs. 
No doubt, iruialng. which Is one ai the 
forms of external conditions. tuuveriM what 
are origlually only instructions, icacbings, 
inio hahilE, ur. in other worrfs. intn criraiii- 
Ealiuns, to ft great extent; liitt Him Eecond 
CBUseof varialmo cannot ho nmsiilered lo be 
by any means a lari>:e one. Tliu third causa 
that I have to mention, however, is a very 
extensivo one. It is ouo that, fur want of a 
better name, has beea called " spontaneous 
variation;" wbiahmeanslhatwhtm wedouot 
know any tbing about the cause uf plicnomrna. 
we call It spottlaneous. In Ibo onlcrly i-liuin 
of causes and effects in Ibis world, I hero ate 
very few things of which it can bo siiiii with 
truth tliat tbey tire spontaneous. Ccilainly 
not in the^e phfBicnl matters — in these llieio 
ia nothing nt the kind — everything depends 
on previous conditions. Hut when wucan- 
Uui Iruca the cuuso of phenomena, wo call 
tliom ijpoaluneous. 

or these variations, mtiltitudiaous na they 
are, but lillle is known wilh perfect ticcu- 
lacy. I will mention to you some Iwo or 
three cases, Iweauae lliey are very remark- 
able iu thcmgel^cs. and idao oeoauso I shall 
want to use them afierwurd. Rettiimur, a 
famous French nnturidisl, 11 great manyyearji 
a,S,<>, in the essay whiub he wrote upon thti 
art of halcUing chickens — which was indeed 
a very ciiriiiiis essay—hud occasion to apeak 
of variatious and monatroaltius. Oos very 
remarkable case bad come under his notice 
of H variation iu tbe form of h human mem- 
bar, in tbe pcr.'OD of a Maltese, ot the name 
of Gratio Kelleia, who wa^^ horn with six 
fln^rs upon each hand, and Ibe like number 
of toes lo each of his feet. That was a caie ot 
spontaneous variation. Notody fcnowa why 
bo was horn witli that number of tltiL'era and. 
toes, and a3 wo don't know, we call Tt a caaa 
of " spantanejua" varrution. There is 
another remarkable case also. I select Ibese, 
berause they happen to have been observed 
and noted very careiully at tbe time. It fro- 
quenlly happens that a variation ocenra, bul 
Iho persona wlio notice it do not take any care 
in noting down Uie parliculurs until at 
leni^ib, when inquiries come lo be made, tbo 
exact circumstances are forgotten ; and 
honoe, multiludinoua a» may be aucb ■' anon- 
taneaua" variations, it is exceedingly difS- 
cult to get at the origin of Ihem. 

Tlie accoad case ia one of wliioh yoit may 
And the wbule details In the " Pbiloaophiciu 
Trausaclions" for the year 1913. In a papttr 
communicaied by Colonel tlumpbrey to the 
PresidoQtot tbe Royal Socielj-—" On a new 
Variety in the Breed of Sheep," givlognn 
accouut of a very rumaikalih imeil ot sbeep. 
which at una limo was well known in llie 
northern (States nf America, nnil which went 
by Ibe name of the Ancon or Ibo OKcr breed 
of sheep, Iu the vear ITHl Iberc was a 
farmer ot the name uf Selli Wrighl. la Idaa- 
sKChuseHs, wlio bad a flTict of Blicep. con- 
alulingof a ram and, I Ihiok. nt sniiw, \.-«c\^* 
or Ibirteen cwua, Ul Uu* ftwit ol twti, ui« 



Ut' 

vei 



ON THE ORIGIN OI-- GPIiCIES 



ut Ibe breeillnt^-Hnm bore a Itimb whii^L \rae troiilJ bo in equal proportion with llin nnm 

vary slDj^utarty formed ; it hud a very long <}'P<> '• "lut '^ t» ^^J. tliat Ihe diililirn won 

hiMiy, very bburt lege, and Ibnsa legs wi-io be iiitlt ntiil half, somo luUini; lUu pcciil-ari, 

liuwed I IwilllHllyou by and by how Ibis of Iha liiibLT. and Ibu ollieia l«iDg tit lb 

Kiiii?ular varialiuD in Ihe breed of sheep tame purely mtrmal lype of Ihe molhrr i but J 

lu bu uoted, ttnd to have Ibe promiuFiKL'o that aeo wo jiave a ^ent pifponileiauro i^fl 

JL iiuw hua. For ibe present. I mcnlion only abuormal type. Wtll, Ibis uomes lo l>e niixii 

lliuse two cases ; but the extent of viirialien once more with Iho puii:, ilio noimtJ tj'] 

in llw breed of anlmaU is perfectly ntivioiiB and the abnormal in o^ain prt.iluccd in lui 

)u any one who litis sluilled natural liiHtory proportion, nolwithstiiudiog Ibueecauddij 

wilb ordinary attention, or lo any person tion. Now what would bavo hap)ienv4l 

aaimaU ivilb olliers of Uie llicae abaoimfll types had inturiiiurrietl 



same kind. It ia strlcily true lliat there i 
never any two speiiimeuB which are exactly 
nlike ; however einiilor. they will always dif- 
fer in so mo certain particular. 

Sow lot us go liack lo AtftTism— to llie 
hereditary londtncy I spoke of. What will 



eof ; 



each other ; that ia tn any. suppose llie bi 
boys of SalvntorbadlBlteu it Into their lie» 
to marry their llr&t cousins, the two first git 
of George, their iilc'b ? Yim will rcmemb 
that thcBO are all of Iho abuormal type i 
their grandfulhcr. The result would pro! 



when you breed from it. ably liavo been, ihot their offspring 






further deveic 
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when AtaTism comes, if I may say bo, tn in- have been . _ .._ , 

Icruect vailation ? The twocaseBof which I mcntof that abnormal type. Vou see it 

have mentioned the history give a must ex- only in the fourth, in Ihe pursun uf Millie, lb 

ntllent illustration of what occurs. Qratlo Iha tendency, whta it appears but sllglillj' 

Kelloia, the Maltese, married when hu was the second gCQcratinn, is washed out in it 

(wenly-two years of age, and, as I suppose Ihird, while Iho progeny of AndrG, who c 

there were uoBlx-dngered ladies in Malta, lie caned in the lirst instance, CECape Hllo^ellifi 

inaicicd an ordioarj flve-fingerud person. Wo have in Ibis case n pood ex "" ^^^ 

The result of that marriiige was four cbil- nature's tendency lo Iho perpetual 

ilrcu : lliefirst, who wnHchilslcncdSulvntor, variation. Ileio it is cerlaiuly a varialii 

iind six lingers and mx. toes, like his father ; wlilch carriud with it no use or beceft 

ihe second was Qoorjre, who had five fingers and yet you seo the tendency to perpetuatii 

aud toes, but one of them was deformed, may be wi Btrong that, nntwiibstaodiog 

EhowJQga tendency to varialiou ; the third great admislure of pure biuod. the TUie 

wasAuili^; he had five fingers and five toes, continues itself up to the third generatia 

quite perttfct ; the fourtli was a girl, Marie ; which ia largely marked wilU ll- ' '■" 

.1. . i._j a.__ = _. .1 j^__ — j^ jjuj Jig J. (jhhu, h9 I have said, there was no mentu i 

Die s(!<!ond general ion iutemiarrj-iut^ wi 
any but five-fingertd persons, and lUe qm 



Bhu had five fingers and fivr 



Inward the sixth. 

These children grew up. and wlicn they 
<;umu tv; adult years they all married, and of 
course it happened that they all niuriied five- 
fingered and Jive-toed peisons. Now let us 
see what were the results. Salvalur ha<l lour 
children ; tiiey wero two Ikijs, a giil, and 
another boy ; tlie first two boys and the girl 
were eiK-fingered and £lx-lot;d hke their 
grandlallicr ; the fourth bay hud only five 
lingers and five toes. George had only four 
ehildreu : Ihere wcto two giiis with sis fin- 
gersaad bixfics; llieie was one girl wilb sis 
lingers and lice lut's on Ihe right side, and 
five fingers and Hvl- Incs on the leftside, so 
Uiat sho was half ami liiilf. The lai t, a. bay. 
bad five flngeia ami five loua. The ihiid. 
Andre, you will recollect, was perfectly well- 
foraied, and he had many cnildren, whuac 
hands and feel were all regularly developed. 
Maiie, ihu last, who, of course, married a man 
who had only five lingers, had four children : 
the first, a iKiy, was bum wilb si: toes, but 
Ihe other three were nurmul. 

Now observe what veiy extraordinary 
phenomena arc preacnied btre. You have 
un acciden(»l Tarialiou niiiiug frum wlmt 
you may call n nionslrosiiy : you hav<;'lbat 
moostruailj' tendency iirToriaiinn diluied i~ 



iininlly nifigesta iiselt. What . 
have been Ihe result of such niurringe? 
aumur narralea Ibis cace only as fur as U 
Ibird generftliun. Ccrlnluly it would hayt 
been nu txccedingly curious Iblng if W 
cuiild have traced this matter any forllteri 
had the cousins intermarried, a eix-fingerei 
variety of the human tacc might Imvti t>eia 
setup. 

t'o show you that thisBUpposilion is bymi 
means an uurcasDiiulilu r.nc, let moaowpiul4 
nut what took plaee in llie ciiso of SclD 
Wright's Eboep, wliere it biippened lo buu 
mailer of moment to him Id obtain a breed 
or raiao a flock of blieep IXv liiiit ucciileDlal 
vatiely that I have detciiUcd—auJ I will ItU. 
why. In Ihnt pait ef Miis^aclitlsetlll 



wliich wew very active a 
roaiu abrnnd, and wiliifi' 

juni]) OVLf lllCBO fcUCLS 



As a 
.ily o 



1 admixture wtih a 



B pai [ 
alauily gnvcrise toalUmi 
crlagH, audcuuicotiensaii 
the neighlwrhood ; so it 
Wright, who was, like h 
' ■ 5, that if lie ci 



the first instance by a 
female uf normal co 

would nalurallyeippcl , . __ 

auch ua union, the monslrosiiy, if repeated, readily, and he acted upon that idek &■ J 



and you bbeep like thoiiu wilb the bnudy kgs, Ihej | 



i!d n 



, be able to jump over llio fences « 
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klHed his old Turn, anil sa eooa na Ihu ytmoR 
ODD nrrivril at niuturity Lo Lrtil tUoyelher 
from it. Tho result was even more slriking 
thiin Id Ilie huraan cxp«riiiieot wliiHi I nicn- 
Ikmed just now. Colonel Htimphreja leili- 
Acs Uiat it always happened Uiat 'lliu off- 
■tiring w pre dther puro Ancunsorpuic uidi- 
nvjr ebecp ; Ibat in ni) ca&o was iLcio any 
mistn; of tlic Ascuns with Ihe (iIIktb. la 
consequence of iLis, ia Ihc course of n very 
(ew yetre. tie firnier was able lo git u very 
misidcruble flock of liits variety, nnd n largo 
niitnber of Ihcm vcre fpcead throughout 
Uaenebusella. Most unforiuuaitly. liow- 
CTvr — I Buppoae it wns because Uicy were so 
CuRiinon — nubudy look enough iicllcc of 
UiVBI la prescive Ikcir ekelHons; niul nl- 
lIiDOgli Cutonei Humphreys aiiiiis iliut he 
mt B ekeleton ta the president ct tho ItorQl 
fiocielj iit the same Ume ILut lio f'jtwanltd 
blspapm, and I am afraid lliat llio Tuilely 
has entirely diaappeuted ; for a thurt lime 
after these eliecp had fiecnmo pU'viikriiia 
thnt district the Merio^ slicep wcro luiro- 
duci-d : and as tbelr wool ivaa mi:ch more 
nUuabic, ami as ihev were a quiitiu(icof 
ibMp, and showed ou lendcncy lj Irifpssa 
nr jump ovit fences, the Oiler hrttd of 
tbiiep.tlie wool tif which wusiufeiior lo that 
of the Merino, waa gradually allowed to die 
oat. 

YiMi sec that these facts illuBlrolo perfectly 
»(J1 what may lie doao if yuu tiika care to 
breud from stocks Hint arc similar lu cuch 
otiiur. Afler having pot a TariaLioii, if, hy 
croBaiii); n viiriallou With the oiigiuiil tlxik, 
JOB multiply that varialioo, and then luku 
cue lo keep ilial varialion dielinct front ihu 
oriEiual aloek, and make them breiJ lo- 
mliet — then you may almost cerlaialy pro- 
duce a race wliose tendency tu conlicuc the 
tariotion is eicecdiogly strong. 

This ia what la called "stlcclion ;" and 
Itl* bj exactly the same prucces na that hy 
wbicb Belli Wright hred his Ancon sheep 
lltttl fjor breeds (if cnllic, dogs, and fowls 
IBB vlitnincil. Tlieie aio some possibilities 
ot exception, but still, speaking broodly, 1 
may m^ tiiut this ia the wa^ in which all 
Wfvoried races of domestic animals Jiavo 
■rSBcn ; and yon niuet uoderatand Ihat it is 
BOtotMJpei'ulisrilyoroQechaiaeteristicalonu 
III wbMt animala may vary. There is not a 
MdkIii peculiarity or cliiiract eristic of any 
khW. bodily or mental, in which offspring 
a»y not vary to a cei tain extent from the 
{•KM aad other animals. 

Ainoug ourselves this is well known. Tho 



>uw Ihn lobe of one of bcr cats a liilli: flallen- 

•■1 An ordinary ohscrvermightscarccly no- 

T.ci; It. and \ci every one of her children has 

iKJU lo Iho some pecnliarily to 

ill Iho olhcrcxtrenii-. too. tho 
■ i-v., such as gout. Bcnifulo. and 
u'jr., luuy be handed down Willi .jurI 
B tertaioty and persistence as we 
noticed tu the ptrpeluiiiiouor Ihe hiinily legs 



of tho Ancun sheep. 

However, these facta are best illuslrated 
in auirauls, and the extent of the varialion. 
as is well known, is very remarkable in liugs. 
For example, there arc some dogs verv imich 
smaller than others -, indeed, the varialion i/ 
so enormous that probably the smallest do^ 
would ho about tho size of the liend of ihu 
largest ; there are very ereat varialiuns in I lie 
sliuclutal forms not only of the skelolou but 
also in Ihc shape of the skull, and in Iho pro- 
portions of Ihc face and the disposition uf Ihe 
leeth. 

Tho puictur, Iho relrlever. bulldog, and the 
terrier, differ very greatly, and yet there ia 
every reason to oelievu Ihnt oicry cne of 
these races bus arisen from Iho samo enurcc 
— that all llie most InipntLiiit laces htivr 
arisen hy Ihis selccliv-o brtedin^ from acei' 
dental viiriaii m. 

A Wilt iPioiO slrlliinrr c^so of whnt mav he 
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My I 



mr; yoi 



be plgpoujiiwiii™, and 1 wish you li) liuilu - 
slaud lliat in approaching the miIijci l I 
would Hpenktvllli nil liutniUlye.nd lie^iluii lO, 
aa I icgicl 10 say that I aii not apia'i'n 
fuucier I kn<"v it tsugi'int art and javi^ 
tcry, and a lliiiig upon w!iiu!i a rnacni.iol 
not lipeuk li^L'blly ; but 1 siiall endoivui', lu 
far aa my uiniers landing goes, to gl'U yon n 
suoimaiyof llio puWislied and unpubliuliod 
iiiformalion which 1 liavo gaiued from Mr 

Auiuiig the eeirnioua varielv — I believe 
there ae somewhere about a Liiiidred and 
lifly kinds uf plseuus — there are four ktu'.ls 
wbieb may be pcTucted as lepresenticg Ibo i x- 
tromestdivergencesofonoklnd from uuolhtr. 
Their names arc the carder, ilie pouter, Ibo 
fantatl, and the tumbler. In these large dlu- 
grums [hat I have here they nie each tepiu- 
aented iu their relative sizes lo each other. 
This first one la tho currier ; you will noiicu 
this large excicscence on its beak ; it bus u 
comparatively smalt head ; there is a bare 
space round Ihe eyes ; it has a long neck, a 
veiy lojag beak, very Btro^ legs, larae fe< t. 
long WingE, and so on. The second one is 
the |-outer, a very large bird, with very long 
icga and beak. It 'z called the pauii'r be- 
cuuBO it is itt thehnbit of causing' its gullet lo 
swell up by iufiatiag it with air. 1 shoui.l 
tell you (hut all pigeons have a tendency lr> 
do this at times, but in thoponleril iscunlL'i 
V' an enormous cxleot. Tho birds appear l>> 
he quile proud of their |)ower of swelliog 
»qd pufflnjj themselves out in this way ; tiod 
I think it IS ubout lis droll a sight us yen 
cin welleeeto look at a cage full of IhcBii ' 
pii^ona puffing and liliwiog theoiselvcs mit 
i> this ndiculuus niuuuei. 

This diagram is a ri' present al ion cF iliu 
t)>'rd kind I meniioned— (lie tunluil. It i^. 

f'u see, a i-inall bird. witliexcce<ling1y small 
ga and a very bUialL beuk. Vi-u^unsK- vm.^ 



ON THE OrilQIN OF SPECIES. 



cuHly diatinituishcd by the eiw 
tenl ot ila tail, which, inslcud of 
foufti'cu ftatliera, may liuvo muuy mote— Bay 
Ihiriy, or even more— 1 liclifvo ihcro nto 
. BOU'i! wilh as many as fnrtj'-lwn. Thia bird 
baa s Rurioua hnbiC of iTpTeadln^ nut llio 
ft!albi;rs iif ils tail in eufh a wiiy IliuHlicy 
feucli torwnril and touch its hcnd ; iind if 
illnUed I hi'liuTt! il is looked 
upoD iia a point nf great hcnul^. 

But hcrp IB the lust great vanatj^ — the tiim- 
Uer : anil nf that great variely, onn cf ilio 
princiiml kinds, anil one mnst prizi:il, ii llio 
Bptcimen mpreseuled hete — the Bhoit-fnreil 
Uimbler. lis beak, you see, is reduced In a 
ui'ilhing. JiifiC coaipare the beak of liila 
one "nd Hint of the first one, llio carriKr— 
1 beliitve Ibn orUiodos compRtiann of the 
headunil beak of a thoroughly wall-bred lum- 
liler !r 1d Blick uq oal intii a cherry, nnd that 
will ^ive you thu proper relHllvu propurlioiis 
of lliu bend and beak. The feet and lijis are 

Scfedinj;ly i!ma1l, and the bitd uppeurs lo 
quile adwatf wliea placed Bidu by dido 
■Wilh tliis e^iat currier. 

Thwu aio difference! enonch in regErA to 
itbcir uxlernul apperaucc ; but-tliesu diHer- 
I nre by no luenna the wliolo or even llio 
imporlaut of tho difleri'tiecs wli!cli<ib- 
irlween tliese birds. Tbeie is hardly n 
tiutiio point of their siructutc which hiis not 
hec.rne more orlsss allercd ; nnd togirc^ou 
nu idi'a of how cxtensiTu Ibtsu ailcralions 
arc. I hnTH here Boaie very good tktletnns, 
f,i|' which I am iudeblud lo my friend Mr. 
Tej^utmoier, a yrcHt uulhonl.V in Ihci'e mat- 
lets, by me^'as of whifh, if you examine 
them by and liy, you will bo nbla lo BCe the 
idiCuteucuiii their lioity bltut^tiircs. 
the privilege, some lime nyn. of 
Bomu important usa, fif Mr. Dar- 
win, who, Iraaylellyou, has taken verygfcat 
paius and Epent much Talualilu time and at- 
lenlion on the invealiyalion of llipse yurin- 
liuns, ami gelling tcgetlicr ail the facts Ibnt 
bear upon iliem. 1 ublaiued fiom Iheseues. 
llie fulluwin^ summary (if Iho diSerenees 
lietwern the domesiie breeds r,f pigeons — tlmt 
is lo say, a nutlllcalion of the vai iou3 pointB 
In which thalr organization dilfcis. In Ibe 
first place, tlio liack of tho Kknll mpy differ 
a g'luii deal, uud tho development of tbe 
boUL'8 <it Ilia face may vary a gieat deal: 
Ihu back varies a good deal ; Iho shape of 
ihe lower jiw varies ; Ibe longue varies very 
greiuiy ni^i only in i:orre)n1ion lo tile length 
and iHiKe iif llio lieak, but it seema also to 
liHVo a kind if indupendi-nt variaiion of ils 
own, Tiien thu unuunt of naked skin nmnd 
■lie eyes, and at thu base of the beak, may 
vary enormously ; bo may Ihc lenglhof Ihe 
eyelida, .the Bhape of Iho Dosttils, and tho 
Ien};lb of Ibn ncirk. I have ahcady nnliced 
lliu litibit nf blowing out llio fiulltl, to ru- 
markalilu 111 Iho pouter, and comptiialively 
Hii m iho iilbi'ra. ThcK arc great differ- 
euctn. I «i, in Ihu size o'^ the female and the 
ma'ti, Ihi! nbape tf Ihu body, the u'jmlier and 
width of Ihe processes of tho ribs, the devd- 
ignuuiit of the libs, and Iho size, shape, and 



development of llie breast-bnne. We m^ 
nohcu, too — and 1 menlion the fact li 
it has been dispuled by what is b! 
he high aulhority^lhe vartaliuu h. ... 
of the sacral verlebrtE. 'I'hc numUtir I 
Ihi^po varies form elevtn tofutitleeii, and lb 
wiihimt anydimiouiionin thenumlierof ll 
verlebriB ot Iho liack or of Uie tail. Tm 
Ihc nuniber and position of liie lait-fealhtS 
miiy viiry cnorinnusly, and su may Ihe nuag 
lier of the piitnary and stcondary feaibera i 
llic win^a. Ainiln, the length of Ihe f«el at 
nf Hie beak — although they have no relallo 
tn cuch olher, yet appear to go togelhcr- 
Ihat ia, you have a long bonk wherever yi 
liBVO long feet. There aro differences aJso 
Ihe pciiml.4nt the acquirement of the perfo 
phiiiiMge— the size and sbapo of the «gg** 
the nature uf flighl, and Ihu powers of i^; 
— 30-ralled " hmning" birds having enormo 
flying powers ;* while, on Ihe olher liaoi 
the little tumbler is so called iKcause of I 
exttaoTdinary faculty uf turning huad ov 
heels in thealr, instead of pursuiniif adistm 
course. And, lastly, Ihe dispoailinna — ' 
voices of Ihe birds may vary. Thus tlie 
of the pigeons shows you that there is hard 
a single particular — whether ut iu^Iinct, 
habit, or bony structure, or of pluiiiage- 
eiiher the Internal economy or Ibe exteri 
fhupe, in which some variation or uXua 
may not take place which byseleciive brei 
ing may become perpetuated, and form 1 
foundation of, and give rise lo, a new race 
If you carry in your mind's eye Ihesn fm 
vaiiutics of plgeoiifj, you will bear wilb yi 
as good a notion a, you can have, peibaps, i 
Ihe cnormnus extent to which a ilcviHiii 
from n primitivo type may ho carried 1 
means of Ibis process of selective breeding 
LECTURE V. 



Xn the lost lecture I endeavored to pten 
to you that while, na a general rule, ot^bh 
beings tend to reproduce Iheir kind, there 
in them, also, a constantly recurring lei 
dency lo vary- to vary to a greater or |o 
less extent. Sndi a variely, I pointed out 1 
you, might arise from causes which we du a 
understand ; we therefore culled itspcftlan 
ous : and it might cnmo into existence w 
defliiito and marked lliius, wilkout 11117 cr 
dalions between itself aiid the form wui 
preceded it. I further poinlcd out lltat htf 
a vsrluly liaving unco arisen, mi^l be jx 
pelualcd lo souio extent, and indeed toftve^ 
uiarked exlenl, wilhout any direct intnle 
ence, or without any exercise of Ihnt ptui'ti 
which we called selection. And then f Etui 
further that by atii h selection, wLtn CKd 
cised arlificially^if rou look caie to bin 
fnlyf.omtho^L- fuiiiis whlcii rtiw nifd tb 



• Till? "CaTrirFy 1 iBurntWimMr. 'rcgetmclBT.rt 
"omliy'r.'^Tlie'l'irdB which tij lo!./rtli«ki'ee., 1 
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fiiitifl pmillnTi'ks of any mriety wliidi liad 
■-•■isA-ti Iq tills maimer— Ihc raimlioii iiii^lit 
!"■ |» rpetuated, oa fur bb wu cnn hoi-, iudcfi. 
B>tll3'. 

Tlie next QuesliuD, nul it is an iiiL|)or- 
Mnt ana for ob, \b tbU : Is lliuru tin; limit 
Id lliti amount (i[ VBTialiim from llic primitive 
»tnclc wltich con tw prnduced by tbis proi'tes 
of seieciif e breeding 1 In coDEidetiag ibix 
i(urMion, it wilt be ustful lo class thu cbar- 
avKtiBlU'S, iiirei^ecrat wbichorganii; beings 
twy, uniltr iwo beads : wo jnuy consider 
UruHtinil cliuiuclcriEiics, und we may cou- 
lidor |ifayeinli>gicfli chatnclcrisiics. 

In Ibe fiI^t riLice, as regurda slnictiiral 
cWscletlsi If8. lendiav'iii'il lutijow jou. by 
IbeskdeliiDH vhidi I hud upon Ibc liililc, 
RDil I'v rcfi-u'iicp lo u gifnl iimny wtll-nsciT- 
UiuiKl fiiti^. Ilint lliu diffctE^iit brt-'tdK uf 
figrnii?. the [fiti'lt-ii!, (iruteis, nui) lumMerd, 
nii^ii vury in iitiy if ibeir inlernal and im- 
IvinaDt Eirui-liiinl clinrociers lu n very great 
ili'gfiv : DO), only tnigbl ibem be chonges in 
ilie propniiirns of iIhi tkull, nnd l!ie tlininc- 
lera iif (bo fiH't nnd lHnk«. iind ta on, but 
llinl ihfiu mt£:l<( I'u iin aiianiulc diffeniice lu 
iliDnunilirr v( iIil' VFittliia.' of ilie \wtik. as 
in Ihu snfifd TnltbiiE of the ptiulcr ; and so 
gtCHlislbn cxltul <if Ibc ^ailullun lu IbcEe 
[iu(I timil Lf rbmiicters Hat I pointed out lo 
' "■ I'lu-e to tbe skeletons nnd Ibe 

I ilicac exitemu varieties muy 
:< r mute rroin one anntlier iu 
I ilimnc'letsltinudo^'lmlQalU- 
■ Nn'i Hpkcies of |ilgcoii3 ; Hint 
IS III -^av. iliiil liicy diHer bo niiicb in tlruc- 
tDf(3 tlint llieici.' II grenlcr difference lietwccD 
Ihc puUKT uiid the nimbler than tUtie is lie- 
iwcra »»cb wild aud diflrnrt forms us IhR 
ivd( pijjcrin oi Ilie ling pigoDO, or the ring 
pia.-on and iliusiick dot? ; and, iuilred, ibe 
olBeicnci-s arc of j;i('Uti:r value Hon ibis, 
fdr ttw Btcutrtiirul diflerenc(B between tbc«ci 
dumcMicatcd p't'onus are aucli us wuuUI lie 
iuJnilted by a iiniuralixl. Eupposing be knew 
■Mthiiig at all nliuiit Ibeir oiigio. to euiiile 
tbem to oonslittile even distinct gi,-nera. 

A* I buvc used this term Bpecies. and 
Atll pnitinbly use it u good deal. I hud btl- 
Itr, perhaps, rievoic atvurdortwoluexpluio- 
tog vrbAt 1 meati by it. 

Atiiinitb nnd plauis are divided into 

ct'iiips. wbicli beeomii gradually Emuller, 

' lilt A kingduni, XFliicli is dicided 

luma ; tlien come tbc smaller 

>1 jiravinceti ; und so on from a 

I Lji^s. frnm n ciasa lu an older, 

'!> [iiinilieB, and ftnm tbc^ lo 

(-i,<:ra, uiiiil ive come at .length to tbe small- 

Mgruupttof unliuuls whicb con ba defined 

nm from the oilu-i' by eonstant characters, 

wblcli itr« n<il «cxiih1 : sud these are vhat 

BUnrvliMs call cpecieB iu ptaellce. whatever 

Ibrv nuv di> iu Theory. 

If ju n sliiluof nature you find aur Iwo 
)mii|i«of living belugs which are sepiirnied 
m» from Ihe other by snrue coiisiiiuily-ri>- 
nintnr (■haracterlstic, I dnn't csrir li'i\v flight 
SHI (rTvIid, ST long M it is deHm'd '.ii 1 run- 
Muil, nod duea Dut depend oo sexuul p.'i.*uli- 



ariliea. iliun »11 natursllala agree in calling 
them Iwii Hpecies ; that la whul is mennl by 
Iheu'iiof Ilia word eppcits — Ihiit h liisiiy, 
it is fur the prnciicsl iiiiiiiiidi!-! iimnu oiiis- 
tliin of MruL-inia! rilffiTi iicit.* 

We have wen now— Hi ii'P''iit "'^a point 
OQOO more, and it Is veiy tsavulml ilml wo 
should riptilly underatniul it— wc liiivo rtcn 
that breeds, knowu In have beeu dcriveil 
from a common slock by seleclinn, may bo 
as dilTererit In their structure from the origi- 
nal slock an epeeiea may bo distinct from 
each oilier. 



logical dlETsrcnces oi vurietles iimoiint En ilb- 
gruu lo those nb«rved between forms wllich 
DiilurallstH cnll dialinet speeieaT This Is a 
moat important point for ns to einsiilur. 

As regards tho gruai majmily of [phyBlo- 
logical cbaraclerialics. there ia no iloutit that 
they ara capablit of licin.s dcveljpuil, in- 
creusud, and modilied liy Bpli-riiuii. 

ThereiaoodouhtliiHltireudi limy bo made 
as different OB species In nitiiij' iiliit^inbgiual 
cLaraclers. I have already polniml mil trj 
vuiivery Ijripfly llw different haliui uf the 
bieeJi of pigeouB, all of which deju-iKl ii|inn 
Ihoir pUyaiologloHlpectiliarlll«s— iiiUii.' i>li"i. 
liar lialilt of tumbling, in the ininMi'i— :ii; 
peculiarities of fliitht, in the" houiini;" ui'il^ 
—the strange hublt of spreudini; oul thi' iiil. 
and wuiklng in a peculiar fashion, in Iha 
fanlail— and, laally, the hublt [>f blowiQg uitt 
itm gullet, so cbarueleiislic of the pouter. 
These are all due to physiulogicil mnillScO' 
tion, and in all thesu reapecls tbeae binU dif- 
fer as much from eauU Other us any two 
ordinary spncies do. 

So with <lugB in Ihuir hiitiitn aoil instincts, 
II 19 a physiologlciii pueuliatity which leads 
the grey hound lo eiiuse iis picy bv ilghl— 
that enables the \Kai(\o to truck It by Ihe 
scent — thot impels tile terrier to Us lat linut- 
ing propenaily — and that liwls Ilie letriever 
to itB habit of retrieving. Tlifrfe hahiis iiud 
inatinuta are all tbe reKwls nC |>)ivsi ilDgiiial 
differences and peculiarities, whiuh Imva 
been developed from a common stoek, ikl 
least there ia every reason to iielievc au. Btit 
it ia a most siuguiar ciicnmstance ihul while 
you may lun through Blmoaiiho whuleseiiea 
of pbyslolDj;lcaI processes, without liiidiiii; it 
check to your argument, you comu at iiist to 
a point where you God a ebeck, nuil Itirtt is 
in the reproduclive proee^ea. For ihuie U 
a moat singular circumsUiace in respect lo 
natural apeelea — at least about some of llieiil 
— und it would lie sufllcient for ih<< piirpusea 
of this argument If it were Irua of only ong 
of them, but there is, in fact, a great niiiulior 
of such cases — sud that ia that, situiliir as 
they may appear lo be t'l iiieie races or 
breeds, ihey present a marked pecniUriiy in 
the rcprodiiclive process. If you biwU from 
the mule and female of tho snuie race, you of 
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t tililala the eaine tcsuTc. add ir ynu hreai 
I from tliGM ngiuD, yoii wUl still liave the snme 
I kind of offspring ; there U do cheek. But 
' it you lako mcniimrs ot two distinct Epvciex, 
howoTur slmilHr liiey ma; be to eacli other, 
fuid niake them Ijrced together, you wlU 
find 11 chuik, wltii hodio inodificaliuns uud 
exeeptinoK. Iviwevpr, which I slmll speuk of 
preaeutly. If ynu ciofM two such BpecieH 
■with each other, tlien— oltliniiRli you may 
got offBprin;; \u the curb o! the first rrusB. 

Set, if ymt ultempt to breed Erum I he nro- 
ucts of that ernssiiij;, wbicli src whiil uru 
called hybrids — Ibst ia, if you cDupiu il uHle 
and fi female hybrid— llien the rcBiiltis Ihnt 
in Dineiy-uinc (■uses out of a. hundrni jiiu 
itMI i^t no ulTfpriQg ut all ; (here 'will be no 
tesult whulBoevrr, 

The Ti'BBon of thin is iiuito nlivioiis Id Bonio 
caaiiB ; tlio male hjhiiilB, uliliongli poKsras- 
in^all (he i-lemat uppi'nniDcea auil cliarae- 
terialics of perfect animaia, are pJiyslologi' 
oally imperfect aod defleient In Ilie slriit^- 
iDial parts of the repruduclire elements 
nect'ssary to gcucinlinu. It ia Fnid to !« In- 
vatinbly tlio case with the male mule, Ihe 
crnas between the ass ami tlie mare ; nud 
liencu it la that, ullbuujrii eroasioK tlje turso 
Willi the nsa ia I'lisy euuiigh. and Ih consluotly 
done as far as I atn aware, If yon take two 
mules, a male and a female, ann endeavor lo 
breed from them, 3-00 gel no ijffspriug wlial- 
over ! no geueralinn will lidto place. This 
iawbial is called Ibe steilliiyof the hybrids 
between two dislinct specits. 

Tou see Ibat thia is a very csilfn'irdinury 
eircomslanco ; one docs ant see why ii should 
be. The cummon lelthilojsical explimulion 
is, Ihat It ia to prevent ihc impurity of the 
blood lesultlog fiiim Ibe crossing I'f otiq 
Bpncies witii aniilher, hut you hc-i it does ni I 
in reaiilj; do anything of iho l.Jni!. Theio is 
nulhiiif; in this tart that hvlMidd caiinnt liiced 
with eaiih olhur to estublisb aiieh a theory ; 
there ia nolUiug to present the boise bieed- 
iag with llic nasi, or Ibe ass with Ibe biTSC. 
80 that Ihis exiiinualioa breaks down, ub a 
great many explanations of Ibis kind du, I but 
ure only founded im uiero nasumpliuiis. 

Tims you see Hint liieri) i^a gient difffr- 

belweea dislinct races, ai-d "hybrids." 
which are cronees between distinct species. 
The moagrels are, bo far as we know, fertile 
irith one anulber. But belwueu tpfcies. in 
many cases, you cannot succeed in obtaining 
even the first cross ; at any rate It is quite 
certain that the hybrids am often BbsohUvIy 
iufertllo oat: with another. 

Hero is a fealLire, then, great or proal! as it 

may be. whiuh dislrncfiiiahus nntuial spi'cici 

of animals. Can we find any apprtiximaliim 

to Ihia in the diSereut racps known lo lie 

produced by Be!ecii»o breeding from a com- 

slock! Up to llie pierent lime the 

r to that (luestion is almolutely a negii- 

As far as wo know at present, 

r appro.Yiraatin;; to tills check. 



or any o 
—HO far 



la crossing the breeds between the fantt 

and tlie pouter, the carrier and the tumble 
other variety or race you may nt 
ktiow at preaenl — Ibera is 1 
ditfieulty In breeding tugellier the mougn 
Taku Ihe carrier iindllie fanluil, forisMiu 
and let Iheni lepreseni thu buiso ami thsfl 
in the case of di^tlui'i Kpcciea ; ilten f 
have, as Iha reaiUt iif tiieir breeding, f 
earlier- fan la II inongrel—wu will aav Ihe ml 
and female mongrel — and, as far as 1 
know. Iheae Iwo wheu ciosaed wouM not 
lesfl rL'rlile Ihun Ihe orlgmnl croi'B, i>r Uirb' 
earrier wllh carrier. Here, you we, is K 

Shysiologicn] contrast beiwei'nthu races pn* 
need by aeleelivL- miidifii'alinn and naliir 
species. I shall Inquire inio Ihu value 
Ihia fiict, and of snme modifying cifcui 
siaDi.'es, hy mid by ; far Ihe present I men 
■" broadly before yuu. 



about wiiat is called Itfcnrrence — Ibc- ten* 
dency of races wliich have been developed t 
selective breeding ftom varieties to reiuni 
their primitive type. This is siippnaeit I 
many to put an alisnliitu limit to lue eil "" 
of selective and nil olher varialiune. Fen 
My, " It Is all VL-ry wtll lo Iiilk alfout p 
du:,;ng tbcfle different larps, but you fcufl 
very well Hint if youluinpd iill I'bece bip 
wild, tliesf pouteia and taiiieis, uud au t> 
they woulil all icluiii In Ihiir priiuilil 
slutli." This Is vciy ecnmiunly ati'Uir.ei' 
be n fnel. unil it U nu i\i;;umenl xhul t» Ci 
mnnly hrouyhl foimuiil as cniit'lUKirt!; __ 
if lou will lukolhe trouble Ki imjuiieEntir. 
alher closely. I Ihiuk you will find '" " 
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the piiuiilivc hhK friiin whidi they t 
bred. Cut ilin Iliit uu>wcr ihul ;oo iil.__ 
to lliia :i$sumplii n is, Hi iirk --fo bnoWi 
what the piilnilire alotk Wiia ; anil Ilic sc«i 
Olid answer i^, that in that case titc wild' 
lioists of A.SM Minnr might to be exactly l^kq ' 
the wild horses if Sinilh Atnriiru. If UuT. 
are liiith like the lame thing. t|iiy 1 "kMi 
manifistly tolielikc inch clhirl Th« t<tf < 
jiuthniitii.*si, bowcvtr, till < nu Ihi.t il In i.oiMI 
ditT, rcuL The wihl lioisf of Asia ia »nid id, 
U of a dnn ci.lor. with a birgih-h bi-i 
greiil ninny (ilher pu(u)iiiiilii». »hili;1he beat. 
iiulhorilieH du lie wild bi.iMs iif i?oulli< 
Amerieu Itll yni Ihnt llieie ia iioiliiug <.t IL 
mil In Ihe wild hoiHsllieiL- ; llUMUH,f Ibcir 
l.fads is very (lill.nui, nnd lliey aie eom- 
rai)nly iliPSlniii ir hni cDlnnd. It ia quila 
char, Iber'fuU'. lint nu by Ibtu: fantn ihete 
cujiht 10 liavi' l.ien livo priniiiise s1ni*k<^ ■ 
they pi f'-r niihiiig in iup)if,il of ihv nt-i 
Mimplion ihnt rates luiir lo (.nu piiniiliwl 
slock, and so far as Ibis evidtutu u c 
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wrwd 11 fulls lo Ihc ground 

SuppoBC for n muintnt tlmt it mere so, and 
IhHt (luiiirMiculPd tncvB, vhvu rumm] wild, 
did TCtutn lOfoniH coniDinn condilinn, 1 cun- 
nul een Him iliis would piore mucli wore 
lltun ilial similar rncditiona uic likely la 
|<t><riuco Bimilnr repuUa ; and llial wbr-uyou 
tahii Imck domeslicutcd unimala iolo vrbat yta 
(■■tl untiiral coiidlliDiiB, you do cxnctljr the 
JMttD tiling ns it you carefully undid nil the 
irnik ynii bncl j;one through, for iliu purpose 
(tt b<)Dgjng lilt: Buimol fiom lis wild lo its 
doi)iL3)l>.'uit'd Slate. I do not see auylhing 
»ery wcudcfful in llie fuct, if 11 took ull that 
iinuMi.- 1» cet it ficm a. mild stale, iLnt it 
iliouiil pii Imck Inlo its oiigltiHl Btute oa euod 
113 yitu Ti'iiiuvo tbo roiidi'ioiis which pro- 
rtiiMil llie YBrinlioii to llie diimcsticaled 
foim, Tliere la an iiiiporloiil fact, hnwevur, 
fotiHlily brought ftnwuiil hy llr, Dntwin. 
which hna ti<rti nnticiil in rconccliun with 
tlio brci^liti!^ of (l(imr<>ikiilid plucnus; and 
ilia 1l.ar, (iowptit riil7i.iiii thi-se bri-cds of 
nl^enua mny he fmni inch olhtr, iind we 



TsriatiotiP, yon rliBticc lu iiuvu it liluu f igtuu 
luniup, ilwIllbcBiiiuiolinTciLehliirli ImiR 
tcrasH llic wines, which nie cliaioi'lciislie uf 
Ibt origiwil wild stock, liic rock pigeon, 

Snw iliU is ctri:iliily n very ri'miiitiiljlo 
titi urufeluDce : but I An not fee mytelF liow 
li itKii vtry sirongly eiihi:!' ore way or the 
nlbt^r. 1 Uiink, iu fact. Unit iLia n'-jument 
Id fAvor of lecuncnce lo llie piimiiive type 
m^il prove a greet deal ton murh for liiose 
wko so consrantly hdng ii foiwuid. Fof ck- 
liinple. Kr. Diiiwtn has very fnicibly urged 
Ihat pnthini- is cotninimer \1iiin II yi>u cxiim* 
ina u dun liursg — and I hud tiu oppotl unity 
t-f vwlfying ihis illu'lmlli n laldy while in 
lite l^lmids nf llio West Hi^hkudK, where 
Mteic aie a great many dun hoist^s — to And 
that huiae exhibit a loug bliiik tiliipti down 
fas back, very often slripes on bis uhoulder, 
Jid veryofteu Biripea on his legs. 1 mynelr 
tiw a puny of this description n sboit lime 
afO, lb H bilker's cart, near Rothesay, in Bute ; 
Ittiad the long strip? down the beck, and 
Mripes on the sboiitden nnd legs, jusl likti 
1ho«o of Uie ass, Iho qunggii, iind Ihe lelira. 
Huw if we inlcr|irei \\,e ilitory nf rteur.. 
Knee OS applied lu ihis ai»t.-. riiiL.'lii li iKt Iw 
•aid that here was a case nf n varinlion ex- 
bibltiiig tile cliaructers uuJ condilious of un 
•nlimil occupylu? souLsthiiii; like an Itiler- 
muliittepoBiiian between the liarse, tlio a;a, 
tbi.* iiuagga. and the zebra, and from which 
Ukim: Im:! h(ti:o developed '! In the suutu way 
wftli ii^iird even to mnn. Every auuHimiat 
will tell ynii thai there is nolliing fi.mLnoutr, 
111 dlitsuciitig the humau body, thuii in muet 
with wbHl are called musculHT Tmiiiliiius — 
llut ia, if ynu dissect two bodies very (sre- 
bll/yna will probably find [bat IhRiii-jites 
af rtladimrnt and ittsetti'ni of the iiin-tel<:a 

pcultailili-'sln iheni')<!c tn whlcb ibu 
I aro Hrningi'd ; and it is verysiniru- 
t in s><nie UiBseetioiiB of ilio biunun 



body you mill coma upon artangcnienls iif 
the iiiusciea very similar indeed io the same 
pans in liie apea. Is the coneiusinn in (bat 
coao Id be tljat this is like tlia black liura in 
the CUBS of Iho piguon, and tliat it Indicates 
a recurrence tn tbo primilivo lypo friim 
wbii;h the animals hoTi: been probably duri'l- 
opeil T Truly. I lliiok that the opponents i)( 
inodiliculton and variation had better lenve 
the argument of lecuinmco slooe, or it may 
prove altogulher loo strong for Ibeni. 

To sum up— the evidence us fur us wc huva 
gooe iii ajjainst tbo argument as to any limit 
to divcrircnees. so far as stmcture is con- 
cerned ; and in fuvnr of a physiolOglL-al limi- 
taliou. By seltcllvo breeding we can pro- 
duce structural divergences as great as liiose 
of species, but we cnnnot piodunu ctiiiai 

Fbysiolnglcal dlvergitiiccB. Fur the picsent 
leave Iliu qiieslioii there. 
Kiiw the uext problem tbnt lies liefnm lis 
— uud it ia an wtiremtly jmij.''tiiint oik'^s 
11113 : Pol's this seU-cdvo brecdiui- occur iu 
niilnrcy Because. iUliere is un rrooC of ii. 
u!l lliut I have been leliing yni L'lrs .'ir 
uolhirig iu ucjiiniiii^^' for iIil' 
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fiu'et^livi' 1- il U'll yr>u nlitit 

1luQg-lli;it Villi. tics l^isl in unluro witliiu 
Iho l.mtis of species, uud. what is moie, ibat 
wliFnu vnriuly has comuinto existence In 
nnluiu llieie arc ntiiornl c>iusfs and cuudi- 
liana whicli nf. iimidv fimi™idnt lo phyihu 
purl of 11 MJ ' ::ii 1. :'.j, [■ . iiiid aiihuuirb 
ihati^iioi .11. ■ ■ . . .... i:.:.Lr-i>« wiiiilJ 

Ilka lu iiii.' II .1. dircTt Icsii- 

iii.iny— yi-i n :- ■'\-- ■! .■■ ■:>■..! aini L'xreud- 

Ad to ll>^ liral pxiiil. (/( Viirii;li<.i enisling 

uiiivuiaal eKpurieneo "t uvcry iiiiluruU.-t. uud 
if any peisim wli" biia evir tiirni;,! uny iii. 



inn lit all lo the clmini' 






of n 



ic* nf plants 
: hull may 
I, anil I wis 



tVw dL/liniti 
ba'iii wiib man liimMlf. 

I lun one uf riioscwhn hHievi-ihiit. ni prea- 
CDt. Ibere is on ovldenre wbalivtr for say- 
ing Ihttt mankind spruni* uci^viul^.V's lii«& 
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n siogk pair ; I must say 
ee uny gowl grauod whatever, 
leiinltlB surt ot evlriencp. fir 
brUeviuK iliikl lliviii h mniu iliaa uae BpecieB 
" crilielfsa, aaymilcuow, ]uet as 
lii'i'H t>F VBtieliiB iu unlmitls, so 
iukatilo yariflUfS of men. L __ ... 
th- i<F tuoBe tirood and diBtinpt thnt nny plun 
' n glance. Every- iiaLiire : lliiit 



hrnmble. The liotuniBls arc oil al war abont 

il, Bomu of tliam wiinliug to make out i' 
Uieru ate mstiy upecitB of 11, iitid oili 
iniiiTiiaiuiua ibut lUey aro liiit muuy varU- 
of oni; >i)t:<.'ti;3 : vq<1 kliey cauiiot wlllu to ' 
(lav whicli IsikEiwcieBmiil wbiub ihu vuiie . 
60 llmt ibere can bo un doulrt wbalaoevft 
[| any aoimal may vary id 
-*'- - miiy uiiBu m Ibi! wai^ 



I 



3 be- I bave described — tui spunLaDcoua vaiklicB- 
Dt'l^m aud 1 wbiiu inau. and can tell and ibal ihosu vanuiiis may he pcr{ieluulei 

_.iiiiu f ri in an Eugii»bmaQ. Tliey in ilio sanio way that I liava abown yoB 

lacii bavu |iL't;uhar i^huniUbriGiics uf culur fip(miunuoi]»Turieliesarepurp«iiiale(l 1 l*Bf, 

UiU piiyolognoiny ; but yuu must recellect iliertfuio. ihat Uicrc cimbenodoublDB tolbi 

lhiaibm.'bunwtoraut1be»E races (JO very fur ori^cinuudpoipeluationuf VBtieties innalurei 

R deeper— ibey exicud tu iba bauy Miuclute, Hut Ibu question now is, Does Meleclioi 

' n Lhu cbaractersbf Ibut most im purl ant taku plac« in nalure? in lliete onylliing Uk 

■'•■-■'' ilieoperfllion ofman iu fxercisiug seleCtl* 

breeding liikiDg place in nature ? You T'" 

obHCTvt: llial, at present. I lay nothiuff etM 

species ; I wiali to confine my sell U> Ihe « 

aideraiion of the prudiictiun of tbofle tmlon 

mcea wliich oFeryboiiy admits to exist, Th 

iiueslinu is, wlielher in nature Iberq hi 

cauMU competent to pioduce races, just li 

lC way as man ia able to produce. I^ 

u. siicb KK'ca of uuimuls a ' ~ 

alrt^ndy noticed. 

Wlien a variely Las arisen, Ibe CondiUoii 



oigaiis to UP — tbe brain : si> IhuC. 
e men beliinginj; to ilifleient racea, or 
wllliiu Ibo Hume mcc. one man sliull 
II bruin It tlilnl, ur liulf, ur even aeventy 
r cent biyaer tbau iin^illier; and if you 
Kike II10 whole range uf buinsn brains, you 
nWlll And a variation in Bomc cuaea of a bun- 
bred per cent. Apart from 1bese vuriallona 
Fte ibe size of tbe bruin tbe characters of lliu 
iikull vary, Tlius if 1 draw Ibu figures of a 
Miiiigul nnd a itfgru head on tbe blaukboard. 
In tlu! case of tbe last the breadth would lie 



aiiiiiit seven tenlhs, and in tbe other it would of ExislenuQ are auch an lo exercise an 



of Iho total lenglii. Bo that 
thuTQ ia abundant evidence of varia- 
tion among men iu Iheir nalura! condition. 
And if you turn to other animals tbcroiajUHt 
the same tiling. Tlio fox, for example, 
vrbicb bus a very large geographical diulribu- 
,'lioii nil over Europe, and parts uf Asia, and 
fgp tiie American Conlinsnl, varies greatly. 
■There nri! moslly larste foxes IntheNorlli. 
and Hniiilier ones in 1I10 South. Iu (iermqny 
reckon some eight ditfer- 



Of IbiMlger. 
muiu than ono species 
Ibe holiest parts of Benui 



supposes Ibut there is 

- ; Ibey extend frum 
lenunl into tbe dry, 
cold, biuei' sieppes of Siberia, iuto a latitude 
of flO°— so llijit they may even prey upon Ilio 
reiiidur. Thesoligursliave exceedingly dif- 
fereuC character ii'tica. but still they all keep 
Iheir geucrJ feaiiircfi, so that Iheiu is do 
doulil as to llieir being tigera. Tiic Siberian 
tiger has a lliick fur. a small maoe, and a 
longitudinal stripe down the back, while tlio 
tigers uf Java and Bumaini differ in many 
impurtaut Tcaiiecls from the libera uf Norlli 
em Asia. So bona vary ; so birds vary : and 
BO, if ynu go farliitr hack and lower down 
in crenLion, you find Qaliea vary. In different 

streams, iu tbe same country even, yua will _^ 

find the ItouC lo be (|uUe different to each organic mailers, which 
oilier imd easily recngnizublo by those who require ; llien these 

fiali iu tbe particular Btceains. TUcro is the "— — ■-■ — 

samo differences in leeches 1 leech colleclorB 
CUD easily point out lo you lliediffdciiccH and 
ihepBi-ulimilk'S which you yuurttlf would 
.probably pass by ; an wlih ficsb-wiiler uius- 
Hi-!s ; EO, in faci, wiih every animal you con 



fluence wluch ia exactly ciunparubli 
of attlflclal selection. By Conditions uC £] 
istencB I mean Iwo things— liiere are couif 
tlons which are furnished by the physical, Il 
iniirgiinio world, aad ihero are conditions i 
exiaienco whicli arc fumislied by the organ_ 
world. There ia, in the first place, Clim«lfl 
under that bead 1 include only lempersli 
and thevnried nmounl of moisture of ^r*'' 
lar plates. In the next place there is 
is Icchnically called Staliiin, wbicli roea^iv 
given tbu climate, lliu pnrlicuiar kind 1 
place in which nn nnimul or BplnntllveS' 
growa : for iixamplu, Ihe Blnlitin of a flab 
in Iho water, of a ftcsh water fisli in frn 
waler; tlie slalion uf a inorine fisliisin-Ii 
Bi u, and a iimrino animal may have a btolit 
liigber or deeper.' So ugain with land ul 
mals;lbc diflercnces iu their Etatliins II 
those of different soils and nutgltl>oiliO(Mi 
some being bc^t odapled to a ciiicaicouB, ul 
others to an arcnuceous od. The Ihird ea 
dili'in of oxifllonce isFood, by which 1 ine! 
food in the tuoadest sense, liio supply ijf U 
materiah) necessary lo Iho csUlenco iif L 
organic being ; in Iho cose uf a iilanl llie ii 
organic nmirers, such as curl Kioic acid, wall 
ammonia, and the caithly suits or snliiies; 
of the nnimul tbe iuorgnnic it 



J may i 



a llicsi 



kind of V 
n as Lht 



first, what - - . , 

physical condilions uf i xisluitc. Fu -d luk< 
a mid-pluec, and llieu come the oij;uiiic VQ 
dltiODS, by wbieli I inciin Ilic c(.ndilii> 
whicli depend upon Ihe Mute cf the rcEt 
Iho organic cirnltcin. upun llic number 01 
kind of livtnc being*, with whicli an anin 
is surrounded. Vau muy class Ihtise uudi 
two beads '. there aie orgaaic Lcinga, Whii 
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cpcfftle OS oppontnU, anA Ihert: aic ur^anic 
beiiigH, wliich oiieraLe os hclpera \o aay civen 
wganif creature. The opptineufs iiiuylic of 
iwo klQdd 1 iLeru btq Clio indiieet ojqMiitnla, 
wliicb iiTO ivliat \to may call Ivrais / and 
tliere nre Iho direct opponmU, IhiiKtt wLkh 
bttlvs tu dcsiruv llic creaturu ; imd lliet^awe 
rail cncntu^i. ay rivals I nunn, of unutsc, 
in liio ctMi! of pliuita, tbnEc nblcli icquirc for 
ttiuir support Uio EUica kind uf Buil und Bin- 
tiOD. Uid, HDiauK aDimala, tboxe wbicli re- 
qujru iLe suine kiud of elalinD, or food, or 
clIiDitIa ; lliOEO aio Ibc icdiicct opponeats ; 
the diiect uppouctus arc. of coureu, tbose 
which prey upon aa nnininl ur vegetable. 
Tho Mpen may ulso be regarded as direct 
and tuditect : in ibo case of a unruivoroua 
Miimttl, fur ciample, a parli;;u]ar licrbaceous 

EInnt may in niulliplying be nn indirect 
elper by enabling Uie htibivorn on.wbich 
Ibe ciiruivure pceys to gut moru food, aud 
Ibua Ui nuuriab Ibc carnivore Dintu ubun- 
daiiilv; the direct Lelpermaybe best illua- 
\nxoi by refennoo to aome parasilic crea- 
lurv. euch as llie tapc-^orm. TLc lape- 
wurm exists in ibo human inUiUnea, so that 
tlie fcncr tlivrc nro of men llie fewer tbure 
«1U he of lape-wormB, olbur Hiiogs being 
alike. It Uabumllialinttiefleclion, peibaps, 
tbot wc may be classed as direct belpers ta 
Uie tape-worm, but Uid fact Ik £u ; no can 
^■cc tlint if ibcrc wcreuomeu tbetu would 
be no lope-womis, 

U !b eittemely difficult !• estimate, in a 
propel way, Uic imporiauce and ibewailJog 
ot the ConHiiiousof £xit[en<>e. I do not 
Ibiuk iberc were auy of us 'n'lio bud Ilie re- 
tnoleat lioliuii of piopeily eflimalin;; llicm 
until Uic pulibculino of Mr. Darwin's work, 
wliick bus pluceil llitm bcf'Tc ua wiib re- 
SUtikuble rlcitriiess ; nud 1 must cndtavor, 
H far us I CUB in my nwn fnsbinn, \o frive 
jmt WitiK Doiion of bow Ibey work. Wu 
alinll find it ensiesl in lake a simple cake, :in'i 
one IV free ua pDesible from every kind ui 
amtyiticulina. 

I wi1i auppQBe, Iberefore, tbiit all the hablt- 
ahlu post of tbia globB— Ibo diy lund, 
uaoumiiis to about Sl.OUO.OUU square milcH 
— Iwill suppose Ibat Ibe whole of liiat dry 
knd Iiwitbc Eauie dimiile, and Ibat it Is com- 
posed uf Iho Biucc kiud of tuck or xoil, so 
that tlicic will be the aamu Blutiou ercry- 
vhcre : wc i Uu<i get rid of the peculiar iuflu- 
M08 ot ilifbrcut climates and stations. I 
«lll lh«U imagine ILal there shall be but noo 
(■SDaiu bciiig in llie world, and that Bhull be 
D pbnt. In ilii<! we start fair. lis food is to 
V nTt>'"ii« odd. water, and ammo uia, iiinl 

■i'- ■ : I'leisinlbe soil, which are, by 

I 'i\, everywhere alike. Wo lake 
int. wilh no c>p|)onent3. no hdp- 
nvils; it iatobo a " fiiir fidJ 

Now I will ask you lo iiii- 

- ilNlit K hull be a piitiit wbit^ii 

uvery year fifty scodfl, which 

. -mte nunbe' for a plant to tiro- 

.. ; ;l.Lit. by the action of the winds 

ri^ni?. LlicBe seeds shall be equally and 

gtadiully distributed over tbo whole surface 



of the bind. I want you now to truce out 
what will occur, nud yju will obsurvu that I 
am not Inlking fallat'luusly :iijy more Ihsn a 
mulbemutician djes when bo ci^pOuailB liiH 
problem. If yon show Ihiit the caudit)i>na 
of your problem are such os mayactuiilly 
occur in nature, and do uot lraQS;{i('Bs any of 
the known taws of nature in woikinp out 
your proposition, then yon are as safe lu Ihe 
cuDcIusioa you arrive ut as is tbo malhemn- 
ticlau in arriving at the solution of bis ptot>- 
lera. la science, tlie only way of getting rid 
of the compltcalioos willi which a aubjuct of 
this kind is environed is to work in tbia de- 
ductive uiclhod. What will be the result 
then ! I will suppose that every plant re- 
quires one square foot uf ground to livo 
upcn ; and the result will bo that, in Ihc 
course of nine years, tbo plant will have 
occupied every ainglo aviiilablo spot in Vhu 
wbola globe I I bavo chalked upon Ibo 
binckhoaid the figures by which I arrive at 
iliuieaull : 
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from Ibk Ibnt, at Ibe end of 
. .. .. .10 siuglo plant will have pro- 
duced fifty moru of its kiud ; by the end of 
Ibe second year these will hnve increased to 
330(1 ; and bo on, in auceecding years, you 
get beyond even tiillians : and I om not at 
all sure that I could tell y^u wh^l the proper 
arithmetical dcn>:imi null Liu of the total nuin* 
her really is ; but, at any rate, yon will un- 
derstand the nicauing iif all those nougliis. 
TlienyouHDe llml, at Ihe hullom, Iba'eloken 
Iho Sl.OOn.OOO uf B^iuiirc inilea, cauatilatlng 
Iho Buifaco of tbediy land : nnd as the num- 
ber of square futt me placed under and ab- 
Kttacled mm llicnutnbiirof seedHlliat would 
be produced in Iho ninth year, you cun sea 
nc once that Ihuto would Im nn iinmcaBQ 
number more of plnnls than Iheru wiuld be 
fqiiata feet of ground for Iheir accommoda- 
tion. Tbia is certainly quite enough to prove 
my point ; Ibat between Ihu eight nod niotb 
year after heiD{ planted ihe sincle ^lw.\, 
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{ woald Imre stocked the whole available but- 

'k'c of iliepHrlli. 

Tliis is a lliiug which is liardly (.-oticdv- 

BDis burdly iinaginabli'---yct It ij 

in iodeed siuiply llie Itiw of MhIiUuh 

fCi'miihflud. Mr. MimhtiB wns n clergy- 

III, will) worked oul this Biitijutl aumi iiil- 

Itl/ nii.l Itiilbrully eniue years ago; he 

kIii^wlmI quile cleiirly — iind ahliough lie wiis 

much ubiised for hia conclUBiooe ot the tiuic, 

ihey huvQ never yet beea disproved, nml 

never will lie— ho Bhowed Ihst in couBei|Uerice 

of the Incieasu iu the numlwr nf orgiuiiu 

beings in tLgeometriciLlrnlia wbilu Ibe mcstJii 

of cxisteiiiM cannnt he made 1o iucretuie in 

llie same mtlo, ihiit lliere iniisi come a limu 

when the number of organic beings will bo 

in exeeas of lUs puwt^r of prudiictinn of 

nutriment, and iliiil Ihiis eome checlc must 

srisii: to the further Increase of those orgunic 

being?. Ai lliii CD, I of the niiilh yi-iir wo 

hare seen ilint each pUmt would not be nblu 

to get its full ijqu:irc fiiol cf g;round, atid nt 

the enil of Hn;i(lier yeur il wmld have to 

Himio thaC space with fifty olhcia the pro- 

duL-e of the sccd^ wiiieh it would give ofF. 

' What, Ihun. lakes place? Every planl 

rruivs up. flniirlshes, occupies lis squiiro fool 

Elf ground, and uivcs off its flfly seeds ; hut 

" 10 Ihis, ihnl out of Ihia number ouly one 

Bfime tr>-aDyihlng ; llieru is thus, f.^ II 

_re, fi)riy-iiiue ehaiii't'a In unc iigaiust its 

rnwiag i*p ; it depends njion ibe most for- 

'juB cireumnlanfi'S wlietber any one of 

. n fifty sw!ds shftll grnwupand fioinish, 

wbeilierll ahiill dio and purish. Tills la 

Jilt Mr Durwln has drawn attenlion ti>, 

ail CHlled the " SH-iigglu for Existence ;'" 

r ud I have lalteD Ibis simple case of a plant 

jlwcause some people imagine that the pbrusD 

■twms to imply asoit ijf Hjihl. 

I bave luken iliis plant and sbown you iliat 
Ibis is the result of Ibe ratio of Ihu in- 
fcreoso, llie nui'essary reault uf tliu ariivaluf 
a lime c>)nuu<; fiir every apecles wbi'U exact- 
ly us many mciiiliers must be destriiyed 
as are born; timt is the incviiatiln uliimale 
result uf the rale tif prodiicllnu, Sovi, what 
la Ibe result of all IbisY 1 have suid Ibat 
there lire forty-nina Blrugglius; aaaiasl every 
one ; and it amnunts En this, that ibe smallesn 

!|[>ENihle start given to anyone seed may Kive 
t au advanUge which will ciiahle it (ogrt 
'leiid ot all Ibc othem ; Hnylhinjr Ibat will 
HinMe any one of these seeda to geimioale 
■s before nny c( the (itberg will, olher 
, ^. leiug alilce, enable it to choke Ibem 
tUI idtiigelher. I liave shown .yoii Ibul llicie 
■) particular in which planls will not vary 
u uicb other ; it is Quite possible ibat (idd 
ur imaginary planii may vary ia such a 
^. .iai!ler aa Ihu thickness of the Integument 
If lid ieeda. It miijbl happen that one uf the 
BatiLa might produce seeds having a tbiancc 
fclegument., and thai would enable the seed 
t that plant lu germiiiute a lilllo quicker 
"1 llio«e of aor uf liio others, and those 
*s would most iuGvitnbl/ exllnguit^h Uio 
If-Sinu tlincaajt many that were sinigcliii; 



I have pat it in this way, Imt you see tb 
praclieal result uf the process is the some ■ 
if some person had nurtured Ihu one and di 
Klroyed the other sceils. It does mil iiijeiii' 
bow the vaiisliun is produced, s-iliugiti ti i 
once alluweil lo occur. Thu vuiialinn in ll« 
plant once fairly staited leuds to liecom 
hereditary and. reproducMi Itself ; thu see 
would spread themselves inihosameway aj 
Inke part in the struggle with llio fortj-iii_ 
biindred, or forly-ninu thousand, wllh wbJo 
ihcy might he ejiposud. Thus, by degr 
IliU Variety, with some slle,bt organic cha^ 
or modltlcatioD, must spread 'tsulf aTer*U 
whole surface of the hatiliatJe globe, and ei 
lirpiite or replace Hie other kinds. That 
what I« iiiCBut byNatiirnl Selection: Ibat 
the kind of argument by whicUit is perfect^ 
(IemoiiKtrn>iln ihnt )Ua condllious uf li 
enccmliypiiiy exuuly tbciamu paiiforiu . 
rid vuiietlca us man does fcr d»meBliCBl< 
vnrielica. Nounedoubttioi all tlinl partkuli 
circumstances may be morefavorablefor at 
plant and less an for uiiolber, and the d 
men: you adiuil that yi,u adm'it the eclccb 
power of nature. Nnw. altbou^i I hU 
Iteen putting it bypolhi Ileal case, you nm 
not suppose that Iliavubeinieiisoniiigltyp 
[helically. There are plcnly of direct eian 
ments whii'h bear out what we may CW II 
Ihcoryof iinliiralseleeliun ; there is cxlivot!; 
good aulborUy for the Plaleiucnt Ibat if rt 
lake the ^ec<l ot mixed vaileths of wbi 
and sow il, cnlleciing ihc seed next yc 
and Howiug it again, at length yon ■*! 
find Ibut out of all your vaiielies t ' 
two or Ibnu have lived, or perhaps m 
only one. There were one or two varlcth 
wlildi were best fiKedlo get on 
have killed cut iliu other kindfi in just II 
suinewayand with jUGtihe fame cerl^ 
as if you hud Inken the trouble to retnov 
llicm. Aa I have already said, the opcralii 
of nature ia exactly the tame as the arlillcl 
opejation uf num. 

But if lhi.4 he Inio of that simple 
which 1 put before you, vheie thfie is i 
Ing but the ilvulry uf one mrmber of a 
ciea wUh others, what must ho the operftlio 
of selective condhlona, whcnjou lecollecli 
a matter of fact that fur crciy tpecie* i 
animal or plant Ibcru are fifty or a liundrt 
fpeeies wblcb might all, more or less, 1 
rompreliended In llio same climate, foOi 
and flaliC'i) — thai every plant bas midtltt 
din'.Mi:) anunala whieh prey upon It, i 
wh'ch are its direct opponents; and t_ 
these Imvo Other animaU preying upon the 
— that every phinl has its indirect helpers: 
the liirda that sculler iibrotid its seed, audi] 
animals that munuro it ^vUh their dnliE ; 
sny, when theso things are consider^, 
seems liupOBEihle that any variation whk 
may arise in a species in naluiu should n 
lend in someway or other cither lo be aBlI^ 
belter or worse than tbepieviuusEtnck j If 
isalilil'-lmtcr it will huteMnBilTanlagetJTi 
iiml lend 111 extirpate the luller in Ibis crua 
Htid Hi rii).'gle ; and If it ia a liltlo wotmi il « 
Itself bo extirpated. 




;n; onicis of species. 



BOW nothing; Ihut more iippru pri ate lye ^- 
ii IWs Ihiiii \iia llir;y;r. " lliottrugi;!;.' 
Sistcnco i" licriniii.'i[ biingslicroroKJur 
In, Id Ik ■vivM suit uf ivny. jomoot tlio 
iiirl'^i p"" ■■■ ■ 
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I) lIlDfU 



must ha 

ilown, (ruilii'i], ntiil o^L'rJl<,^Mllll Uv- i>llji:is ; 
aniiliiTi; wiji 111! (.cniowliii just inuijiiiju lo 
grt lliniiigli (7nly liy ihl- li.l|i nf xha Kli-j,i«i 
aociOriit. 1 rc<-iilk'('t icuiliiij; >iiL inui'iiiii of 
tbe fiimoiiB lorfiitor iliu Ficucii uoups, 
imJer Nopolcou, from Mijscow. Vi'viu out, 
liml, unil ibj<-iMi!(l. llicv iit tcuglli cumu to a 
nt'iit liver iivir wliicli Itiuiu wiis bat iino 
IHiilpo f jr Iho pnssnije of tUe vaal nitnj'. Dis- 
orgriniKL-il mill lit-iiiorallzeii as it wiis, llie 
Mmct'lf tntist cerliuoly Lave bcrii nli'rriljlL' 
oue— overy one heeding ouly himself, unil 
crushiii!r lUruii^h and treadluj; iluwn liia fel- 
lows. Tho wiilor oC llio nHiralive, who van 
llimtH.*ir OHO of Iboso who were forluoBto 
OBOUgli til fiuccecil in gclting over, and not 
■mnng iho Ibuu'unils who wciu left lichind 
orroiccd inio ihc river, OECiIhid IjIu cEc-a];Q 
to Ili(> fact Ibnt Lu tmwBiridJug uan'uid 
l!iroU!;li the mnss a great BlrutiR ftllow^oiie 
i<! Ilie Pii.'iich culrassierti who had mi a. large 
hliic f'liiuk— and bo had I'noiiiili preacuco of 
mind I,) calcii and retain a huld of llijs E,lroDg 
mini's doal;. lie snj-a, " 1 iKiiight hold ot hia 
tt-mk, niiLl idlboLvh he swoiu ut mu and cut 
■t und Birucktuu tiy Ittrnti, nnd at last, when 
be roaui] lie could uot shnlU! itie ulT, fell lo 
eMrminj; mu to Iraive^o or 1 ahimid preveut 
Urn front eBeaning, l>ueides not UBsiHi'mg iny, 
Jttt. I BUM kept tichl hold of him, au6 
would not quit my griisp iiuiil he had at Imt 
dtB^ged tne tlirougL" Here you eeo was a 
cisuuf Beliciii'e Bavfng— it we muyao terra 
It — iWpi^iiilJug fur Us sucee&a on the strcnglli 
of Uie ciolli of Iho cmroBslcr's cloak. It is 
(bo sums io Diilure ; every epecii^a has its 
BerMinu: It lias lo fight it« nay through and 
■traggte with olUtsr eiieciea ; aud when well- 
nigh OTerpowercd. it may he that the small- 
M chance, sumelhing in its culor, perhapa — 
IliB uihiuiesl circumsluncc— wUl turn Ilio 
Male ouii way or iha other. 

Suppose that by avaiialion of Iho bluck 
race it had prodiimil the white maautnTiy 
time — y»u know that the negroea are sajiX to 
believo tliia to have liecu Hid cadu. and lo 
Iraagliio that Cain waa the first while niiLii, 
nd Ili'it wo are his descendants— a uppusa 
ttaat IhNi had ever happcitcil, and that the tlrBt 
Rsldeons of this human lK;ing waa ou the 
weot ci)H4t of Africa. Tliero la no great 
nriicluial dlffercnro between the white man 
■ad l\ia Iingin. aud 3'el there Li somtthmg »> 
■IlbiuUily diRuient in the conuliliition of the 
tWii, th.'.l Iho oialuriaa cf that coiinlry, 
WbHi •hiiiolhuit the black at all, cut off and 
iCr-ti jy Uie while, thus you pcv thure wuuld 
Iwni ini-ii a M'lvclivo operation performed. 
IfllMWiiilu niun had lis^n in that way he 
wnuU have lieun ftek't'ied out aud rcinuvud 
br mntiia iif the malariu. Now lh<.>re really 
ia a very nuiiiim chs;; ut wleeiion of this sort 
~ aagpig', luid it ia'a uiae of aelecttuu of 




ie|ily waa ilint in i!m wnnla ul' Flotilla thoru 
V/ns t\ T.iiil wiiicli Ihoy calliul the pa'uC root, 
aud Ihat if the while pks were to col any of 
It, it hiid ilio cflcct tl^makiiig their biiofA 
crack, and they ilh-d ; hiiL i' the black pigs 
cut any of it. it did nithurt thi^mut nil. lleic 
waa n very nlmple ciise ol naiiiral Bcleutliin. 
A skilfal biix'iliT could not muru carufiilly 
develop ihu liliick breed of pigs, ani weed 
out all the white pigs, than llio paiut toot 

To show youbdwremnikulily iiidin-ctnwy 
he BU(.U natur;il selcclivu agencies aa I liuvo 
referred to, I will uuiichhio tiy iinlicing a 
cuae menlloitud by Mr. Darwin, and which 
is certtLloly onu of Iho moat citiinuaof its 
kind. Ilia Ihat ut the humhlc bee. Ithw 
heeu noticcil Itrnt there are a ^rcat many 
1IIU1U humldu bees lu lliu neigh liurlinud of 
lowna than out in the iipcu country, and 
the cxplunulian of lUu mutter la this : Uin 
humblo hues buitil ncals iu which they Btoiu 
their hooey and deposit the larvic aixtl 
egg*. The Held mice are iiiiiiizingly 
fund of Iho huney and larviB ; tlitrefnre, 
wherever there aro plenty of liL-ld oricc, as in 
the country, the hniulile li«cd are kL'pt d.nvn ; 
but in tha ueii;hUiihuod of luwud, llic mtui' 
her of cata wliicli prow) ahJiit the HelJs out 
up tiie held nileu, and of cuursu tlui inoru 
mice they cat up the lesH there arc tn prey uimd 
the Jarvos of the bees— the cala aro thereCoru 
the indirect helper* of the bees.* CuiuillZ 
hack a slep farlher, we may say Ihat the ulu 
maids ate also indirect friends of llic liumbla 
hcea, and indirect enemies of tliu field uiiue. 



drgulty of the suhject. perhaps, hut it oc- 
uurs to mo in piissiirg, and wrtu itl Will con- 
clude Ihia lecture. 



lecture: VI. 



i. CBtncAi:. 



JiT the preceding five li-cturc3 1 hnve en- 
deavored lo give you an account of thoM 
facia, and of tlioiso reaBunrnga from facts, 
whicli form the data upju which all Iheoireg 
rcpurding the causes of the phenuinena of 
orgunic natiiru mirst lie buaed. And, al- 
Ihuugli I liBVD had frequent occaaiun to 
r]iwiu Jlr. Darwin — as all peraons hereafter. 
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In apeaklDg upon tbeae Eubjects. will have 
□ceuBlon to quolfi lila taruoue book od Ibu 
"Origin of SpeciiM" — yau must yet rcmtni- 
hel that, -wberever I Imvo quoted iiim. il lins 
not been upon theoretical pnints. cr frirKl;>l'^< 
mente in any wuy connc^cted with his p:nllr- 
ular Hpeculalions. but on lunttera of f.irl, 
Urougbt forward by himself, or cullcciuil I'y 
himself, and which appear inoident»lly in 
his book. If a man vi^ make a book, pro- 
fessinj; to discuss a single quustion, en encv- 
clopicdiu, I cannut help it. 

Now, huTini; bud na opportunity ot yon. 
Hlderini; in tiiiu sort of way lUc differcut 
atatemi^tita boaring iipnn all tbcar[ea whatso- 
erer, 1 have lo-nigbt to Jay hefure you, na 
fnlrly ha 1 cun, whul is 3Ir. Uarwin'a view of 
Iho mnttcr anri what poaitlun bla tiicotiea 
hold, when judged by the principles which I 
have previously laitl down oa dtcidinj; our 
Judgnicnta upon all Iheoiies and hypolheiies. 

1 hitvii ulre&dy stated to you Ibat the inquiry 
reapecting the causes of the phenomena of 
organic auture resolves ilaelf iiilu two proh- 
lema. Ihu tlrat beinj^thc question of Ilie origi- 

"on of living or orKiuio being's, mid llic 
)nd being Ibe lotally dlslincl problem of 

. modifiualiou and perpetualiEin of oigimio 

inga when lliey liiivo already come inio 

^ iBlence. The Qrst queslitm Sir. Daiwiu 

'(fees not touch ; he does not deul wiib it at 
nil ; liut lie pays— given the oripiu of orRuaic 
oialtvr — "UppMingilB creation to haroalrcay 
Iskun place, my object is to ahnw in uonse- 
iguence uf what lawn ond vhut demonslrnblu 
properties of organic inuller, and of ila en. 
vimnmenls, such stales of organic mil lire as 
tlioaa with which wo aro atquainled must 
hii»e eoiaB nb.iiit. Tliia, you will olisecvc, 
iaa perfectly k'gitimale proposilion ; every 

Kraon hua a light to dellno llie litnilx of tlio 
]uiry which ha actn before himstlf; and 
yet it is a most aingular ililug that in nil the 
multifarious, and not uurrequeutjy ignorant 
Bllncka wliicb hava been made upon the 
■' Origin of t*[)eciea," there is nalhiug which 
has iHiea more speciously criticised tiinn this 
pBrticiilar limitallon. If peuple have nothing 
else lo urt;c ngaiust ibu book, Ihey say, 
" Well, after nil, yuu see Jlr. Darwin's ex- 
planation of the ' Origia of Species ' is nT;t 
good for much, lircausc. in Hie long run, he 
admits Ihiit he dties not know how orpinic 
matier hi>gan to exi^t. But If you udttii: any 
special oreutian for llic tirr^t pFiiliLlc of or- 
ganic mailer, yen iiwy ]u=l at well admit it 
for all (he rest: livelniixlieiiuriivi'iIiUDiund 

i^ist as lilllu diiliiAill i.i iinilerslnndr as one." 
The answer ui iliisii ravils U iwofi.ld. la 
ibe first |il:tc(.', nil liuiiuin inquiry niusC stop 
aomewbeie ; u!l i ur kii.jwi'^iigj mid nil our 
invcHiigiiii 111 caiumi luku ua leyond the 
limils set by Ibu llaile imLl ri'siiicteil rbarnr- 
ter of our rncullies, nrdcslroytlioendlctis un- 
known, wbieli nccompimii's. like ila ahitdosT, 
the enilless pruceasion ot jilienonienu. Sa 

lie purpose of aurbeio>iin ex- 
tho highest ubjuct that human beings 




can set before ihemselTea, is not lbs pursuU 
of uny.Ruch i;liimeru as Ibe annihilation of Iho 
unknown; but it la simply the unwearied 
endeavor lo remove ils boundnriea a Jittlo 
fuilher from our liltle sphere of action. 

I wonder if any historian would for au: 
ment admit tho objection that it is prepi. . 
teruuB to trouble oiirselvea about the tiUlory 
of the liomun Empiio because we do not 
know artytlilng poaiiive almut the origin and 
first building of tlie city cf Home I Would 
it be a fiiir objection to urge r(;s[iecting Ihu . 
sublime disco* cries of a Uewton, or n Kep- 
ler, Iliose great philosophers whose dineov- 
eries liave been of the pnifouudest lieoefll and 
aerviee lo all men— to any to Ihem— " After 
all that you have told us aa to liow the 
planeie revolve, and how theyaremaintoiued' 
in llieir orbila, you cannot lell us wliat ia tha 
cause of the oiigin of the sun, moon, r-" 
atara. Bit what is the use of wbnl you h 
dono?" Yet these objections would noi 
one whit more prepORlcroua than Ihe objeo- 
tiona which have been made to Ihe " OiiglB 
of Bpccies." Mr. Darwin, then, bad a per' 
feet rigiit to limit bis Inquiry ns he jileaaed, 
and Ibe only question for us— Ihe inqniiT' 
being 80 limlled— is to ascerlnin whether the 
method of liia inquiry is Bound or unfunmJ ; 
whether he has obeyed the cannna wliuiti 
must gillde and govrrn all iDvesiignliui 
wbelhcT lie bus hrrkcu Iliem ; and it wai 
cause our inquiry this efining is i-tai niiaUT 
limited to that o'pi'HII'ui that I apcni a good 
deal of time in a luituer lecture (which, per 
liaps. soma of yon tliought might have been 
l)etteremplov<i1)!ii endenvoring toil)usii»l» 
Iha method n'ml ualureof scientiiSc injjuiry ir 
gCQeraL Wu ahall now have lo nut in piao. 
tifo tbe principles tbati then laid down, 

I staled to you in subatance, if not Ii 
words, thai 'wherever liicte are ^ complex 
luuacsH of phenomena lo be inquired into, 
wlielbcr they be plienomena of the affaiis of 
daily life, or whetber they belong to lliem 
nhslruso and difficult problems laid tiefure the 
phijosijpher, our course of ^toeeediug in «n- 
I a veil leg that complex chain cf plienomemi 
with a view lo get at its cause h always tho 
same ; in all cases wo mustinvcDl aliypolbe- 
sis: wo mu^t place before outselveH aom* 
more or less likely supposition respecting, 
that cause ; and then, having aESumed a 1^-' 
poiiiesia, having eupposi^d u cause fur l£« 
phenomena in question, we must endeavor, 
nn the one hand, to demQcsttate our hy- 
jwtliesia, or, on Ibe other, lo upfet and reject 
it allngelbcr, by testing it in Ihree wi.ys. we 
must, in the Hrst place, he iiiepared to prove 
that the sujipcsed causes uf the phenomenx 
cAist in nalUTO ; that Ihey are what Ibe loci- 
ciana call tera fuuws— true cuuies ; in lue 
next pliicc, we should he prepared to ^ow 
that the assumed causes of the phenomeiift 
are competent lo produce such phenomena aa 
those which wo wish to expialu byltiEmi 
and, in Iho last pluce, we ought to be able to 
show that no olherknowacuusi'B aiecoi 
tent lo produce tbeae pbcaumena. It we — 
succeed in satisfymg Ihcse three conditiona,. 
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we Pl'M hnru demon skuteil our hypolbms; 
ir i:iilicr, I oiiglit ti) »ay, we eliull Iiutq 
far SB cerliiinly is posBibk for 
i,» : firt". nfrer all. llicio ia no tnc of DurEureat 
eoasicli ma whicli may not be iifiatl. or at 
nny (nlu raudiiled, by a. fnrllier acirwi'in at 
knuvrlcd;^. It wsa because it satitified 
lliirn condilJunH that wcoLTEplt'dllicbypulli- 
(•Im as Ift tbo diauppearanc-o oC IIil' lea-pnt 
IWd lipOODa in tbe esse I auppospd inupn.'- 
»kiUa k-cluro ; we fuund tlial cup hypullieais 
un llmt BUbject tm tenablu an'l valid, bo- 
caumi llie supposed cnuscesieied hi nitturc. 
bccatisu it was competcnl: to uccjiinl for the 
pJiEOomena, and because no ollitr known 
Mma WHS competent to aciioiint fur Iheni ; 
and it is upon simjlur grounds Ilial any liy- 
poUiesin you cbooso to name ia nccepled in 
Kivnre as ti^nable aod valid. 

Wliut Iti Mr. Dnrwin'a hypolbcsis ? As I 
appKliend ll — for I bavoput it into aaliuDB 
more convcolL-nt for coinmou purpofea llint 1 
CWl<] find rerbatim in bfa bouk— O-i I appre- 
hend It. 1 sny, itis,lhutQlltbeplienoinenaof 
orinmic antnrc, past and present, result 
trum, or uro cnnai.il by. IIiu inter-actlon of 
those pfdpiatics of organic mailer wliicli wo 
havi- mlleii AiaTism and Viiriabillty.wilh tlie 
Condilinns of Exisiencc ; or, iu nlbcr words 
— ^ivi-n tliu ciimeiice of orgnnio matter, its 
leDdi'ucy to trausmit its propertiea, and its 
tnoJencyocoaaionaHy to vary; and, laatlT, 
giTCDibe condilUiiiB of CAislence by wbicb 
MS>olc miiiter is surrounded— lli at these put 
togotlier are the causi^a of \av preaeat uad of 
(he past conditions uf Organic Nature. 

Hiidi Is the hypotbeais as 1 understand it. 
Now k-t U3 see how it will stand tlie Tarioiis 
tests wliicli I laid dawn just now. In lliu 
list place, do these aupposied causca of the 
^Mmomenn exist in nuiure ! is It the fact 
Ibat in nnlure these properties of organic 
Uttlttr— alavmni and variability— and Ihosu 
phtDOmcuii ivtiioh wo have callc^d tlic uoudl- 
tlnos of ciisleace— is it tniu ibat Ihey exist ! 
Wv\\. Of courae, if Ibey do nut exist, all thut 
1 li»»o Wld you in the last three or tour lec- 
tanm must be incorrect, bet-ause I liuve been 
attempting lo prove tbat tbuy do exist, and 1 
take it that there is abundant evidence that 
th*f do exist ; so far, therefore, thehypolhe- 
ais does not break down. 

Hut In the next ptace comes a much more 
ilIQtcuU inijuiry ; Are the cauaes indicated 
cninp«(ent to gifa rise to the phenomena of 
nifnaic nitlure ? 1 suspect tbat this is lodubi- 
titilc to a certain extent. It is demonslrable, 
1 ilillilc, as I have endeavored to show you. 
Ih>tt ibvy are peTfedly cumpolcot to give rise 
t" all tUu phenomena which are exhibited by 
ni-v* 111 nalui^ Furthermore, 1 believe Ihnt 
thry are ignite competent to aci^ouut for all 
lllni wi) may call purely slruclurnl phe- 
R'Htirnit which are exhibited by species In na- 
ri,". On that point also 1 have alresiiiy en- 
M '•"I anmewhat. Again. I think that I he 
>"i 1-^* antiitned are competent to account 
iiT iiiiiit of the physiological characteristics 
t tifi(^{;int. and I aii only thmk that 
<h'*y Mro competent to account for them. 



bnt I think tliat th;-y nceounl for many 
thinga wbii:h ollieiwlBH rwuain wlinlly 
unawountahlu and iriL-xpliciibk'. and 1 ini^y 
any ini-omprehen^ibln. F.>r a full exp'Sl- 
tloa of the grnuiidi nu which this I'un. 
viclion is based. 1 m'tsl n-for you In Mr. Iliit- 
win'H work ; all ihtil li^nn do now is toillas- 
',ralc what I liave mild by Iwo or three caHel 
taken nlinost at rnoil.im. 

I drew ynurailenl inn. on n p re vions even- 
ing, tu the facta wliich niu eiiilKKlied in our 
systems of claastfli-aliim, wUk'Ii are Ibe re- 
eulls tif the examination aai cimparlsnu of 
the different memliers uf theanlriiiil kingdom 
one with annthcr. 1 menliiiueil Ihnt ihn 
whole of thB animal hing.ljm id ilWfaihle inlo 
five sub-kin i^dorns : ll> it i.'it('li nf these sdb- 
kingiiinns is again diviBJIilo inti) provinces; 
tiint each priivtnce may he divided into 
clasaea, and the clasaiH inlo the s'ln^'CBHivcly 
smaller grunpa, erdsta. fuTnlUi:ji, gi^n'jra. and 
species. 

Now, in each of (Iiese LTriupst, !ho reaam- 
blaoco in struct u re ujuon^ lite nieiabersof Ihu 
grnup is closer in proponiiu iia the group Is 
smaller. Thus, a man iiml a woris are mem- 
bers of the anlmul liingd'im in viriue nf ci.>r- 
tam apparently alight though real)/ tunda, 
menial reaemblances which Ibey present. 
But a man and a ll!>h »re rnemltra of lh> 
came aiib-klngdum Verlrliml.-^ liecauae tliey 
are much more hito one iiMnihir than eilbut 
nf them i« to a worm, or ii snail, or nny 
member of the othnr siili-kingdonis. For 
simihir reasons men and hiirses are Hrrangcd 
ns members of the samu cluss, Mamntalio ; 
men and iipea as members nf ihe same order, 
J^imalnn ; and it Ihure wore any animals 
more like men (han I'loy were lika nny of 
the iipes, imd yet dilterer.t from men In Im- 
portant and CDusia".t imif'iiiluis i.f their or- 
ganisation, we :-hDUli<. lank them »s members 
of the SAc:e family, or of the same genus, but 
as of distinct spec las. 

That it is podaible to arrar.ce alt the varied 
forms 3f animals into groups, liaving this 
sort of singular subordiniLtiun otiu In ilie 
nthcr, is n very remarkable circiimBiaoCf! ; 
bill, as Mr. Darwin remarka, Ihis is a rf ault 



vw "f Ibn rnces which are known to be pri>- 
dnced by the operation of atavism anil vnria- 
bility, and Ihe cnnditiona of exi«ltnce which 
check Hud modify these tendenties Tike Ihe 
ca-so of the pigeons that I lirniiL-lii before 
yon ; Ibereit was ahown thiil iliiy iiii:_'lit bn 
id 1 classed aa belonging to a r, mi: c oc ...f fl»e 
principal divisions, and that within tbeae di- 
visions oilier subordinate groujis might be 
formed. The memt>ers of these groups are 
related tu one aniithur in just Uic same way 
as the genera of a lanily. and the groups 
tliemseivcs as ihe families ft an order, ur the 
ordets ft a clitic, while all have Ihe aame 
sort ''f ainicinral ri-)aii'<ns Willi the wild 
rock I'iu'i'OD. nn Ihe mernlHi's of iiny great 
r.riiiiitil i;roup bnvu with a lenl it imaginary 
(Vi)ical form, Ni>w we kmiw ihat all vari* 
lies of plgeona oi ftiwj \s.in4\J»"ic »i«R^'«? • 
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proces* at Belactlve breeding from a com. 
mon slock, lliB rock pi^eou ; lience you aeo 
llint if all species of nalmiilH liavu pt(H',n;d<^ 
from some common stcick, llie general char- 
acirr of Uidr structurul reiulions, and ol 
oar syHtem» of clas^iScHiiuu, nliidi exprcsH 
those reUliona. would be just n'lial wc And 
'"iera lo be. In olher words, Ibu Iiypollielicnl 

iiiMi IS, BO fur. competent to prmmtri' eSecia 

Imilar to iboec of tlio real triuae. 

Take, Bguio, Bootber set of very remurka- 
ile facta ; the existence of vliut Rie culled 
tudimeniary urgiLoa, organs for which we 
find no obrioua itxe in the parliculnr animal 
(•cononiy in wliith they are fonucl, and yet 
which lire tlmrc. 

Such, are the aplint-like bones in the leg of 
tbn horae, which 1 here show you. and which 
corrospoad with buneB which belong to cer- 
tain toes and Ungers in the human hand and 
foot. In IhK horae you. sea they lire quite 
Tudimeulary, and bear neither toes uur 
flnircrs ; so thai the hoiae haa only one 
" flnper"in his fore- foot and one" toe in hia 
blnd-foot. But it is a very curious thing that 
Ibe iiuiuiaU closely allied to the horse ahow 
more lOEB than he, as tiie rliiuoccros, for 
ittsliince : ho haa these extra tncs well 
fiirraett, iiad anatomical fucta ebow very 
clearly t}iat he ia very closely related to the 
horae indeed- 80 we may say that ftcimals, 
in an aoalomical sense nearly reiaied to the 
borKC, linvc those parts which are rudimen- 
tary in Lim fully ilovcloped. 

Again, ihe aheep and the cow have no cut- 
ting-Ieflh. but only u hnrd pad in the upper 
juw. That is the common chaiacteristic of 
tuminajils :u general. But Ihe ca1( lias in its 
upper jaw some rudimeots of leelh which 
ae»cr uiu dcTi-loiied, and never pluy the part 
of teeth at all. Well, if you go back in time, 
you find acme of the older, now extinct, 
allies of tbo ruminants have well-developed 
teeth in their upper jan-s ; nud at Ibo present 
day the pii; (which is in structuta ciosely 
oonnecled with niminanls) bus well-developed 
tcelb iu ils upper jaws; so that here ia 
another instance of organs well dsvoloped 
and very useful, in one nnlmul, represented 
by rndioienlary organs, for which we can 
discover no purpose whatsoever, in another 
dosely allied animal. The whalebone 
whnlt^, iigain, bus horny " whalebone" plates 
In ils niouih, and no teeth ; hut the young 
ftctal whale, before it is bom, has (eelii in ilH 
jaws ; Ihey, however, are never used, and 
Ihey never come to anylliing. But otlii-r 
memliera of iLe group to which the wJiiile 
belongs have well- developed ti;elh in liulh 

Upon any hypothesis of special crealioo, 
fans nf this kind appear lo me to be enliiely 
uuaccounlahle and inex[Tllca1ile. t>ut they 
cense lo he so it you accept Mr. Darwin's 
hypollipsis, and see reason for believing that 
Ihe whalebone whale and the wlisle with 
teeLli in its mouLh both sprang from a whale 
that had teeth, and that the teeth of Ihefcetal 
whale aro merely remnants — recollections, if 
we may so sat — of the ciUnet whale. So in 



lbs case of the harav and Ihe rhlnocemi; 
suppose that both have descended by modi - 
ficaUoQ from some eaiher form which had the 
normal number of toea, and Ihe pereiBlenue 
ijf the rnclimentary bones which no htnger 
support toes in the horse Lwcomes ciifupro- 
heuslble. 

In the language that we speak in £n|:tand. 
and in the language of Ibe Greeks, ihcie nio 
identical verbal roots, or elements, entering 
into Ihe composition of words. The fact te- 
maius uninlelligible so long as we suppOM 
English and Greek to he mdependenily cre- 
ated tongues ; but when it is shown That 
both languages are descended from one «rigi- 
nal, the t^anscrit, we give an explanation (d 
that resemblance. In the same Wy the ex- 
istence of identical struclural roots, if I nuj 
GO term Ihcm. entering into the compositioi 
of widely different animals, is striking evi- 
deuce in favor of the descent of those bbIt 
mills from a common original. 

To turn to another kind of illnslraUon i 
Ifyou regard the whole series of ElrallQet* 
recks— that enoimous thickness of six)]' W; 
aevenly thousand ftct ihat L have mcnlixned' 
l>oforc, constituting Ibo only record we hava 
nf a. most prodigious lapse nf lime, Ihiil limi 
lieing, in all probabiiily, hut a fiudinDO 
IliBl of which we have no recuid — if you 
observe in these successive sitsta of locka 
successive groups of animals arisiag and dy< 
ing mil, a constant succi-Esi on, givinKyuIus 
same kiuif of imptcssion, as you Iiavi-I fronr 
onu group of alnila 10 anolher, as you woiiMt 
have in travelling from one cuiiotiy tw 
another ; when you find this constant sa~ 
cession of forma, their traces obliterated e 
cepl lo liie man of science — when you luok 
at this wouderful liislory, and ask what hi 
means, it is only a pallering with words if 
you are ofleiLd the reply, "They were ao 
crenLcd." 

But if, on the other hand, you look o 
forms ot orguniztd beings us ihe lesultsU 
the gradual modification of a priniilivt! lyp^ 
the fuels receive a meaning.-, and jiiii as 
that these oldfr cnndliions ate Ibo nwessar 
predecessors of Ihe present. Viewed in Uil 
light, Ihe fuels of palaeontology receive 
meaning : upon any oilier hypethesii I ai 
unable to see, in Ihe slighlehi degree, whs 
knowledge or signiflcatiun we aie to drai 
out of them. Again note, as liearing <: , 
the same point, llie singulur likeix'bB wliicb 
obtains Itetween the successive fauns and 
floric, whose remains are preserved on 
rocks : yuu never find any gtesi and t 
moua difference beiween Ihe imuictlistelf 
successive fauns and duiss unless yuu liHVB' 
reason to believe there Una also been a gr^ 
lapse of lime or a great ibange of conHi- 
tious. The animals, for insiaucp, of 1 
newest tertiary rocka, in any part ut t 
world, are always, nnd without cxcipiit 
found lo he closely allied with tbos<: whi 
now live in Ihat pail of the world. For 1 
ample, in Europe, Asia, and Africa the largi 
muminids ace at present Thinoccroses, Mp- 
popolamuses, elephants, linns, ligsis, oxen. 
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jraes. etc. ; and if you eiamine the newest 
lortiiuy deponila, which conlaia the aniraflls 
•ml planta whicli immeUinlelj' prepeiled lliot* 
wbich now exift In (lie same raunlrj, you do 
DM find gisuntic BptcitnenH cf bdI cHitts and 
kuBgarouB. Inn ymi tind iliim>tc;nEi'F, tie- 
plwatB, iioDS, Ijgtrs. eu:., of iliffen n! tpeciia 
toiboM DowliTio^. biiiBliU ihcirckiaccilUee. 
It yttu turn to Bimili Anitrica, nLcre. ai ibe 
jBTWUDt riny, WD litive preM bIoIIik hikI Hitna- 
ditlOve ODil creatures uC tbut kinil. wlmiUo 
.Touflndiii tbuneweti icrliBiiesV yi>u find 
the great slolh-like trt ulure. tbc ifrpalherivm. 
lod the ^r<!iLt unnuililla. Ilie Glpriladoii, hdiI 
M un. Ami it you go to Austwliii you find 
tbe Mime luw holds gond, nemcly. tliiit Ibal 
oODditiou oF ortpmic nature whit li has pre- 
oedod the ooe wbich now exists piiiBentB 
(liSereDcee, peihaps,of»peuies,uD(l of genera. 
bnt that the gical Ij pes of organ in sliucture 
•re Iho sumc as those which nnw Bourifb. 

Wbal mpiioing has this fact upon any 
oth«r hypo thesis nr supp»sitjnn than ooc of 
■OccesuTe nodificaliun V But if the popula- 
tion i>r the world, ia any a<^. is Iht i esnil of 
thegmflual mmliliciiliou of llie form* wliicli 

K^oil it in Ibu preciNlins age — jf llint ban 
u the ease, it is iutulligilile euoiigb : be- 
CDUEii we may uspi^ct llial the i:re:itiiie ibut 
TCMillB Ftum ihe niuillfieiiliou of an depimn- 
tinu inamin)il abnll be somelbiui; Jilie nn elu- 

rrt. trnd Ibe crualure wliioh ia produced 
Ihe modilicuLi'ia (if na urmaililln.like 
inaq)tna1 slinll belllccnn Hrmndilli), L'[>r>Q 
th«t BuppKBitinn, ls«y, tbu fuels nil: intelligi- 
ble ; upon any other, ihnt I am nwiie of, 
Ihey are ni>t. 

Bn tar, tlie facts of pjilwonlclocy nre cnn- 
linient with almMl iiny form nf tbc ductriae 
of progressive inodiHculiOQ : Ibey would nut 
be aluolutelv im-onsiHlenl with Hie wilrl spec- 



Unnnliln liypothceis uf Lamarck. 
n.irwiu'a vipwshaTeone peculiar im-iii, uun 
•h-i' 'i' ^\:-;'. iticy areperfocllycnnwtt'ir. wiih 
■'.■■ ■■■ ■ ■' i!ii:'i wliidi lire utferlyinponsist- 
: f.ilul hi liny other hypolliexis 
in miidiliciUion wbich has yet 
:>- I, >',. i:'<<'d. It is oneremarkablepeculi- 
arlty of Mr. Piirwin's bypotbesis that it in- 
TOtvn n™ necosiary progreasiitu nr iaccssnnD 
BOdiflitatinii. and ihnt It Is putfeclly consist- 
nt With llie peraistence for any leQi;1h at 
tiiiie of a givea prlntitiTestocIt, contcmpora- 
Droualy with its mudincatiims. To reliiin to 
the Mso of Ibe domestic breeds of pigeons. 
(oroumple -, you have the dovo-col pi^'i'iio, 
wJUcli closely resembles the lorli pieetin, 
ttom which they all t^laitod, ciiisling atihu 
tame timo with the otbcrs. And if species 
ant de*elopinl in Ilie same way in Buiiirc, a 
prinitivo stock and its modlAiialioaNmay nr- 
cwlnually all find the coQititions tilled for 
their BXlsteDce ; and lliongli they crime into 
eDiiiwiitlKn, to u certain extent, wlih oi.t.- 
another, ibe derivative apeciea may not nictB- 
aatily extirpate the primhiro odc, or tiee 



obserred effects of the process by whicli Mr. 
DiirwiQ supposes specina to have originalcd. 
hut which appear to me to lie totally incin- 
sistent with any oilier hypothesis wliicb has 
Iieen proposed. There are some groups of 
luiinuU mid plants in Ibe fossil world Wlilch 
have lieeii siud to belong to " perHslcnt 
lypi-M," because tbey have iKTiislod, will* 
very littb clinngu indi-ed, luruu(rh n vcif 
^reut range of limu. wbilu everylliing nlK)u\ 
I'licia bus changed largely. There me fiimi 
iius iif tlKlies wliose type of construction htis 
persisted all Ihe way froni the carbon if eroiii 
rock riglit up to the crctaceuus ; and clhcrB 
which hiivo laaled through almost the whole 
range of liiu oucundary rocks, and from the 
lias to the older tertiaiies. It is suuiclhing 
stupendous this — lo consider a genus laslini' 
without esaeotiiil modiflcaliona through dl 
this enormous lapse of time while almost 
everythiDg else was changed and miidilled. 

Thus 1 have no doubt Ihat Mr. Darwin's 
hypothesis will he found coroprtpni to es- 
plain the majority of the plieiMiuenri ex- 
liiljjtod hy spedesin nature ; but in an earlier 
lecture I spnke cautiously with rranett In its 
power of explaining all the physiological pe- 
culiarities of species. 

There is, in fact, one set of these peculiari- 
ties which the theory of seleetife modillcR- 
tiou. as It stands at present, is not wbiiliy 
competent .0 explfun. and that Is the griiiip 
of phaoomuna which I mentioned tn you 
under the u nine of Hyhtidisin, and whu'h 1 
explained to uoaslst in ihu sterility ot Iha 
offspring of cerWio species when crossed u" " 
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ibcT this ateiilily is universE.. nrwheiher 
it exists only in n single case. Every hy- 
poihtsls in bound to explain, or, at any rale, 
not be inconsistent with, Ilia whole of the 
facts which It profiiises to account for; andif 
there is a elnglc one of these facta which can 
Iw shown Id iie inconsistent with (I do nut 
merely mean inexplicable by, but contrtUf 
I o) Ihe hypothesis. liie hypothesis falls to ilw 
ground ; it Is worth nolhiug, Une fact with 
which it is positively inconsistent ia worth 
as much, and as poweifui in negativing Ihe 
hypnihesis. as Hvo hundred. If I eni right 
in thus defining Ihe obligHli^ine ot a. iiy- 
pnihesis. Mr. Darwin, in iiidtr to place his 
views beyond tiie teach of all puNSlble as- 
sault, ought to be alile lu demon sli ate the 
|H>Bsihilily of developing fri>m apailicular 
Block by selective hreediugtwo fovmB, which 
should cither he unable to iruss ouu with 
another, or whose croi-s-bred offspring should 
be infeitile with one another. 

For, you sec. If you have not done that you 
have not strlcily fulfilled nit the conditions 
of the prciblcm : you have not simnn liiat 
you can produce, liy Iho cause assumed, all 
llie phcnoraemi which you have in nature. 
HiTo are the phcnomenii of hybridism 
staring you iu the face, and y>ju cuunot say, 
' 1 can, by w-leclive modiflcalion, produce 
llicBe BnmeresuUs." Now it la admilledon 
all hands that, at present, 
mcnia have gotw.UVi' 
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ullle til prodace Ihia complete physiologlcol 
BlTfc'ifi'nce by sclerrire L'ru-riinL'. 1 siMi'd 
- » itity clearly liefnre, and I now refer In 
TB, Iwouuw, i[ it f.'iiiUl be proved, not 
^tlilH hiu Ddt lierii [I'jLip, but ihAt It 
if it cniilU be ilemnnst rated 
mpuasilile to lireitl Belecllvelj, f rant 
r, 11 form ■wliicli nhall not breed 
THilumidlitr. produwdfromllio iSBjne8toi;k ; 
ami if wn weru pliutvn tliut thii muat be Itie 
□ecc'imry nnil Inevlliilile reuuk of uli nxjjeri- 
menls, 1 liuld Hint Mr. Darwin's hypoibesia 
■would lie utterly sliHllered. 

But liJiBlliis licen done f iiT wlinl isreaUy 
tiie f>lnie of the cheu? It ia simply llial, ho 
iHr na wu Imvogiine yet witli our breeding, 
no Iiavu nnl prmliiceiJ frnm a co luou gtiirli 
Iwii Imi'ds wiileli aic uol moiu or less fL-rillu 

1 dr) not ttnnw Hint tbere is n sln.^lu fneC 
Wiiicli wiiuld Justify niiy one in fnyinjt lliut 
My di'SrPC of Merilily lins tieeu oliBtTTUil bt- 
TJ^een lireedi absolutely known lo liave lieen 
Uudueed liy Hek'CtiTC breediti:; from a enm- 
) stoclc. On Hie nllier liiind. I do not 
vr lliaL UiLTc h a fiingte tuet wbioli chq 
BBtify any ODu ianexerting Ibatsueb sletilily 
tunnt Iju produced by proper txperimenln^ 
■nil. For my owu purl, 1 swt ereiy reason ti> 
■'ievc thai it may, iind will bo so prodiu-ert. 
r. Its Mr. Diicwin lins very pruperly urged, 
E (.'on.iiiieT the plienoinona uf sierllily 
u find Ibey nte moat capriciDUS ; wedo not 
■"T wbulit is Uial Ibe BlBrililydt-pendson. 
re Hre some Hnimalx wliichwill iiol breed 
ki captivity; n'helJier it arlaea friim llio 
simplu fa<:t of their being shut up and de- 
prived oC their liberty, iir Diit, wu do unt 
know; but liiey ceiluinly ■will nat breed. 
Wbiit an aatuuuding thing Ihia is, in flnilutio 
r.iOf thu must iinpodaut of all fuurliuus anui- 
tdlHted I'y mere iiiiprisiuimeiit I 

Bo, Bgain, llii're aie t-tiivi known of aoi- 
nlnals wbiuh iiace been (liutighlliy ualuraiisis 
' to lie uuiioubk'd spetics, wCich have yielded 
ftiniie liybtid-i ; while tbeie are oilier species 
wlileh present what UTerybody believes lo 
be varieties * which are more or less iufertilo 
with oae anollier. There are olber cosee 
which aro truly extraoidinary ; there: is one, 
for example, vtbich iiaa been CHrefuliy ex- 
unmed^f two kinds of sea- weed, of which 
the male element of the one, which we may 
call A. fertilizcB the fpmtdo clement of Hie 
other, B, while the male element of B will 
nit fertilize the female element of A i so 
tbat, while the former experiment seems to 
i>hnw U3 that they are varieties, the letter 
It'B'ii to the conviction that they are ipeeies. 

When we see how caprieions and uoccrliiin 
'tif xti-illity i< bow unknuwn the condilloDH 
on wbieli it depends, 1 say that we Lave no 
rt^'hl 1^1 uHiriii thai llioae conditions will uot 
lie l)eiter understood by and by, and we liiiTu 
nu ground for supposing that we miiy uol bu 
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able to experimpnl bo as to olitain that cn» 
eial ri-siili wbicli I meclinoed Just now. 8if 
that Ibou-jh Mr. Darwiu's by|iolbi-MB AMtf 
utii complalely exiricnte ub trniu ililxdilB' 
cully lit present, we liave not Ibe IchSl ligbt 
to cuy it will not do an. 

Theieiaawidegiilt between the Ihli)]; yin) 
cnunot expliiiu anil the Ibing lluit upseis voq 
allofciber. There ia IwnllyaDy bvtwthegi! " 
tUis world which has not some fact in c,_^ 
neclioti wlili It which has not ■»>£■ explained 
but lliatisa very different alTitirlOHfHol thl 
cnHrely opposes your liypolhesis ; in tM 
ease all ynu can say ia Ihul ynur hypolbeal 
13 in Ibe samepasilionasagnod many allien 

Now, as to lh« ihird test, Ibut there Ann 
clher CDiisca cinipelent lo explnin Ibe ph< 
Momena, 1 explained lo ynn Ibat one slumli 
be able to say of a liypolbesis thai no (Mln 
knuwn causes lliun tboso supposed by It at 
competent lo give rise to Iho pbenomcnif 
ncie. 1 ihluU, Mr. Darwin's view Ig proll; 
fining. 1 really iwiievo that the altcrnalir 
U citiicr Darwinism or uotbln^;, for I du na 
know of niiy intlunal cnncepl inn or Ibnorf 
Ibe (irganic universe which has any BclenUfl 
iiosition at all besidti Mr. Darwin's. I do ao 
kni'w of any propOEiliuu that bas lic«npe 
liL^forc IIS with thu inleulioD of e^cplalalQ 
the phennmeoD nf orgunic nature, which ba 
in iti) favor a, Ibcusandlb pait of the evi 
dence which may be adduced infavorof Ifit 
Darwin's views, 'Wbatevermay be Iho ol 
J''Ct)ona to his views, certaiuly all otlieisu 
absolutely out of court. 

Take [he Lamarcklsn Lypolhe»s. fnr eL 
ample. Lamarck waa a greHt iialurallst,«m 
lo a certain exlent went Ibe riKht vray * 
work ; ho argued from what was undoubf 
edly a true cause of some of liio phenomen 
of organic nature. He said it is u. mnttcr < 
experience llial nn animal may !« modliBe 
more or less in tonEciiuencc of itsdeeirtsaB 
dinaeqiieut uctians. Thus, if a man CXercA 
lilmaelf as n blBel(!>mith, his, aims will tn 
eume stieug and inuscular : ' such organi 
modlflcalinn is a rcsullof (his porliculariu 
tion and exercise. Lamarck tbuught that by 
very simple supposition baaed on "ihia Irtitlll] 
eoiitd explain the origin uf the various ani 
mal species ; he aaid, for example, lliat lb 
short-legged birds which live on fl^ ha 
been converted into the Inug-legged wadel 
by deaiiing lo get the lish wiihont wcIliB 
their feet, and ao siretcbinc tlieir legs mui 
and more ihrough successive geucratinuB. 1 
Lamarck could have shown experimentall 
that even races of animals could be produce 
in this way, there might have been sum 
ground for his speciilalioiis. But he cnUl 
ahow nothing of tbe kind, and bisbypolhes 
iias pretty well dropped into oblii'lun, as 
deserved to do. I said in an eailier Ifclur 
that there are hypotheses and hypmhese 
and wiien people tell you that Mr. llaiwio 
Etrangly-basca iiypolUEfis is nalbiuj: tiul 
mure modificalibo of Lamaick s. jnu vl 
know what lu ihink of their mpaciif ft 
forming a Judgmuul on this subjfcl. 

But ynu must iccoilect that when I i 
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tbiuk it is eilLer Mr. Dnrwin'a livpotheEia or 
Dotbin^, timt ciilierwe must tuke hia view 
or louk upon llie wliolc of organic tiHture as 
hh I'nlgmik. llic mraniu^ of %vLic1i is wholly 
liiddeu from us, ^'ou niUKt uarlcrsUiiit that I 
menu tliat I aci-ept ii. provieiootillv'. Id vh- 
nclly iliB name way ne 1 atccjit any oihcr Ijy- 
|>»lliesiB. Men of ECiencti do not pledge 
ibnnselves to creeds ; iliey are bound hy 
irlicle!! of no sort ; Ihcre in not a. single be- 
lief tbat it is not b trauodea Aaly with ibem 
lo bold Willi alit'litbHorl. and to part with R, 
otteerfuUy, the moment it is reHlly {imvedto 
bo conlmry lo any fact, fireal or smidl. And 
if in courac of time 1 see gooii tciwons for 
•ucli u prDmdiDg. 1 shnll have no heEllation 
b) oom^g before you aaii ptiinling out any 
change in my^ opioinn wilhuitt Hutting the 
aligblest otdnsian to blush for so doiug. Bo 
I ioy that WQ accept this view as wu accept 
HDy nthur, so long as it will help us, and we 
feel bntiod In retain it only ao long ae it will 
fcrvo our great purpose—lhBJmpiovemeutof 
mall's eslale and the wideninu; of his knonl- 
vlge. TtiP moment this, or iii^y other con- 
ivplloii, ccasua lo lie iiwful for tliese pur- 
pwN'B. itway nilh it t^ the four winds: wc 
aire not what becomes of it \ 

Bnt to My truth, although it liaa been my 
InisiEieM lo attend t'losEly lo ihu oualrovcrsipH 
loused by the puhlicali>ia of Mr. Darwin's 
book. I lliiuk fhnt not one uC the enormoUH 
BMM of objections and obstacles which imvc 
factdTltiaMtiaof any great value, except Hint 
Kerflity case which I brought liefore yon just 
nuv. All Ihe rest are misunders landings of 
Mime Bort, arising cither from prejudice or 
VMit of knowledge, or siill more from want 
if jnatlencc and care in reading Ibe work. 

JTor you must recollect ihut i t is nut a l>o'jk 
U tw tcad with OB much eusu oa iia plcasnnt 
t^I* o^y I'-'u'^ I"" to imagine. You spin 
through It as if it were a uotcI ihc Urst lime 
jufl Knd it, and think you know all nliout it; 
llin Becund time you read it yiui Ihiok yoM 
knotr rullier leaa aliout it: and tlio third 
ttiDoyouaro amnecd lo find how liiile you 
b*^ leatly apprehended lis vasi scnpe and 
Objects. 1 can posiliveiy soy that 1 never 
take it Bp wUliout liodin^ iu it somo new 
>iew, or liilhT, or suggestion that I have not 
noticed hefom. TImt ia the best chatacler- 
Inic of a llirirou^b and profound hook ; and 
I believe liiia feniure of the " Orifia of Spe- 
cies" etpliiiuH ^'hy BO mnny persona have 
tenlured to paait judgment ami ciilicikms 
DpftD it which are by no taeaus w.orih thu 
piinrr Ibt'y are wrilteu on. 

Defore ooncludlug Ihese lectures there is 

* ODe noini to which I must nOverl— though, 

•iMr. Daruia has suiil uothing about man 

l» lii« bofrfik. it concurns mytell rather than 

hull— f,,r 1 have Blroogly maintained ou 

.-iims Ihnt it Hr. Darwin'a views 

'">' apply as much lo man as to 

,11'iiiiiU, neeing liiut it is per- 

. .i<EriihlelIi-ii Ihitslruclutaidiirer- 

iiK'h e'.'purnle man from Ibn apes are 

jt ^rvuief than thow which separnle some 
( from Others. Tlierc cannot bo Ihe 




ellgbtest doubt in Iho world Hint Iho argu- 
ment which applies lo the improvement iif 
the borae from an earlier atucl(, or of ape 
from ape, applies to Ihe improvemeulof man 
frem hoiob simpler and lower slock lliuu 
man. There is not a single faculty — funt- 
tionul or structural, moral, intullectual, or 
insliiiclive— Iherais no faculty whaifver that 
ia not capable of improvement ; Ibi-re is oo 
faculty whatsoever which doca not depeud 
upon structure, nud as structure tends to 
vary, it is capal>le of being impruveiL 

Well, I have lukt'n u good deal of pains at 
various limes lo prove this, and 1 have en- 
deavored to meet Ihe objections of those who 
muiotaia thut the structural diRercnces bo- 
Iwi'cn man and llie lower aoimals are of so 
vast a character and enormous extent that 
_eveDifM.r Darwiu'a views are correct, vou 
'cannot imagine lliis particular niodificatioa 
to take place. It is, iu fact, easy matter to 
prove that, so far as structure ia coocerned, 
man differs to no greater extent frfim tbo 
animals which are immediately below Lim 
tluin these do from other luciiilKrs of the 
same order. V\ma llie other hand, there is 
uo one who caiimates more highly than I do 
the dignity of human nature, and the wiillli 
of the ^ui'f in inLclkctual and mural mailers, 
which lies between man and Iho whule of 
the lawer cretiliun. 

But I find iliis very argument brought for- 
ward veheineiilly by soino. " You say lliut 
man lias proceeded from a modlflcaiiuu oC 
some lower animal, and you take pains lo 
prove that Ihc sirucluial differeucen which 
arc said to I'xifit in his brain do nut exist at 
all, and j'oii leach that all funciions, ioiel- 
leclujil, moral, and olhcrs. arc llie espreS' 
aiou or Ihu reaull, in llie loog run, of attuc- 
lurea, and of the molecular forces which Ihy 
exeri." It is quite line that I do su. 

"Well, but." I am told at once, aome- 
wluil triumphantly, "you say in the same 
breiiUi that there is a gicat moral and iolet- 
lecliial uhasm lietween miin and Ihe lower 
animals. Itoiv is this possible when you de- 
clare that moral aud intt'llet'tual chsracteris- 
lics depend on structure, and j'et tell us Uist 
Uicro is no sucii gulf between the structuru 
of man and ihut of Iho lower animals?" 

I think that objection is based upon a mis- 
conception of the real Telatiuna which exist 
between slruciurc and funcUon, between 
mochanismand work. FuncIiouisUiecxprea- 
siun uf molecular forces and arrangements 
no doubt : but does it follow from this Uiat 
variation in function so deptnds upon varia- 
tion in stiuclure that llic fnmcr ia iilwnys 
exactly proporiioned lo IJic laiter? If IIiitp 
is no sudi rclatiun. if Ihu viirialion in fuuc- 
tlon which follows on a variai iou iu Etiuclure 
may beenormously greater thau Uio variuiiou 
ot ibe aiTUcture, then, you ecc. llie objcctimi 
falls to Ihe ground. 

Tnko a couple of walthea made by the 
aome maker, and ns completely alike as pos- 
sible -, set lliem upon the tabic, nnd Iho fuiuv 
tion of each — which is its rale of going — ^WA 
lie petfoimed \a Van, awnc nrami*^. B3i&. -yBi^ 
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Shsll 1)8 able to iiralingaiiah no difference be- 
twct-n llicm ; but kt mt tiikB a pnlr of piu- 
oers. and if my baud is steady eunuRli to do 
it. lev mo just lipUtly cniBfi together the 
beariugs of ibo balant'c-wlicc!, or forpu to a 
slightly dilTeruDt unfile (be te<^lli oF the ea- 
rapcnient of one of lliem. auu ot tuurxc yoa 
know the imroeiliute result will be lliiit Ihe 
WStdi, BO Ireuted, from Ibot mmneat vill 
coBSB in (TO. But VPhutproporliou ia there be- 
tween tbn Btrni'tural alLeration ninl the fimc- 
tifinul result? Is it notperftclly obTious Ihat 
tbu allerulion in of the niiuutesi kin'I. yet 
Ihnt, slight Bsit is, itbaspriidiicvitaninRnlle 
diHerence in the perfotmunco of the func- 
tions nf these Iwn iDsIrumcnls ? 
Well.jiuw, apii'y ibat to the prcBetil quoe- 



l)elievD Hint If you strip it of ils IbeoreliR 
part it Bllll renmins unit of Iho greiilcsl en 
eyclopeedins of biological dautriao lliut nn 
one man ever brotiyht forth ; smd 1 bclbl 
thnl. if you take it as the emliodimetil oFi 
hypnthesiH, it is destined to be the trnlde ( 
biologieal and psychological speculatjou f( 
tlie next Ihtcc ur four geneialiuua. 
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thnt nmsliliites Dnd makes 
what lie IS? Wiiat ia it but iiis powce 
of luugiingc — Uiflt kni^uaife giving him Ihe 
means of recording his experit nee— making 
«rery gcnerulion snmcwhiit wiser lliau ils 
predeceswr, more in accnrdancc nitlt llie cs- 
tablisheil order of the unirersu ? 

What is it but this power of Bpceth, of re- 
cording experience, which enables men to be 
men — loriicing liefore and afler, und, in some 
dim sense, understanding tho working of 
lliig -wondrous universe — and which di.'^IIu- 
guisliea man from the whole of ilie !.fute 
world ! I Eay that this functiunal difTereoce 
iH Tsat, tin fathomable, and truly iuQahe in 
its conaequeiicea ; and 1 Bay at the sumu 
lirae that it may depend upon alruclurul 
diSereDces which ahiill he absolutely inap- 
preciahle to us with our present means of in- 
TBBtigfltioa. What is Ihia very eperch that 
we are talking about ! I am speakiug to you 
ul lliia mometit, but it you wi^re to alter, in 
Ihe miiiulest degrea, the proportion of iliu 
aerTous forces now active iu uie two nerves 
which supply thK muaoies of mv glollis, I 
dboutd become suddenly dumb. The voice ia 
produced only so long as Ihe vocal cliorda 
arc parallel ; and lliese are parallel only so 
long as certain muacles contract with exact 
equality; and that again depends im Iho 
euHalily of action of those two nurveslspoke 
of, Ho Ilial a cliuDge of me miuutest kind Iu 
the Eiiuuture of one of these nerves, or in the 
Btructure of the pari in which it originates, 
or of liie supply of blood to Ihat part, or of 
one of Ihe museles to which it is dislributed. 
might reuder all of us dumb. But a race of 
dumb men, deprived of all communiealioii 
with IhoPB who could speak, would be liltle 
indtPd removed from the brules. And the 
moral and inleUeetmtl difference between 
them and oaraelvea would be practically 
infiuilo, though the naturalist should not tie 
able to thid a single shadow of even specific 
fltrucluial difference. 

But let me dismiss this (inesiion now, and, 
in ciinclusion, let me soy lh:it you may gn 
away with it as my mature ronvietion lliat 
Mr, Diim'in'a work is the greatest conlribu- 
lion which has been made to biological sei- 
cnce since Uie publication of the " Kegne 
Aninial" of Cuvier, and since that of the 
"" History o/ Development" of Von Baer. 1 
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In Iho course of tho present year (t86i 
several foreign conmienlarirH upnn Mr. V 

win's great work have made llicir jipp 

ance. Those who have pi^ruBed Ihat remftrl 
able chapler of llie " Anliquily uf 31aD,"l 
which Wa Charles Lyell diawe a parnllelb 
tween the development of species and W 
of longuHges, will be glad lo hear that use _^^ 
Ihe most cmiuenl philolagers of Ocrmait 
Professor Sclileicbcr, has, inilependenil 
puhlished a most instinctive and pliiluBophk 
pampLlct (an excellent notice of which Is I 
bo found in Iho Eeader for Fthmary 871 
of this year) supporting similar views v"'" 
all Ihe weight of his special kufmkdgciiti 
established uulhorily as a litigiii^r. riufcS 
Bor nueekel, to whym Schleicher aililrt 
himself, previously took oecHticin. in 
splendid nionrgraph on Ihe Ratliolitiiii 10 
press his high appreciiilion of. und (iiu 
concordance with, Mr. DiirM in'i. viLwa 

But the most elabutate ciilicisms o7 
'■ Origiu of Species" which have iip|}eiu 
arc two works of very ■widely different inei 
lUe one by Piofessor Kolliker. the ive 
known anatomiiil and hlBtolnf-lst r)f Will 
burg ; Ihe other by U, Flouieiis, PerriQta 
Becielary of the Frendi Aeadcmy of Sr 

Prnftssor KSlliker'fi ciitical essay " T7pi 
tho Darwiniiui Tlieoiy" is. like all thut pr 
ceedsfinm the pen uf that thaiightftil u 
acccmiiliahcd wiiler, wmihy of The BDt 
careful considernlion. It reinpriECB B W 
but clear skel elm f Darivia'e views, follow 
by an tnumeralicn uf Ihe leading (IIQIcultl 
in tlie way of their accepiaucu ; tlillicniti 
which wuuld nppe.ir lo lie Intuimouniuhle 
Professor KMIditT. inasmuch as M pt 
poses to replace Mr. Darwin's thcoiv by 01 
which he lerma ilio " Tlicoiy of Huivrat 
neous Generation." We shall pioteuii 
consider Bist the desliutiive, nniJ ecccikI 
the conBlructive porliuii of the eli^ny. 

We regret to find ourBclvea ci^iupelled 
dissent very widely from mnuy cf Piotesai 
KOIIiker's icmatks ; and fiuiu none mo 
thoroughly than from those in which he aeel 
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n tlie pbiloBopliiL'al 



re define wlint tre may 
pcwiliciD of DatwiDJsm. 

" Darwin," EuyB Professor KOIItlter, "is, 
io tbe fullest aeose of tbc- ivoid. a ipleologist. 
Mo wiys quite dislroclly (First Ediliou, pp. 
199, 31HI} Hint every paclicular in the slriic- 
tui« of un animal Iihb Ik^ii created fur its 
beni-fil, niid liu icgatds tlie whule series of 
tnimnl form.f ualy from iliis point of view." 

And ogam: 

" 7. Tbe iclcoiogical general conception 
adnpted by Dnrwtu is a niislukca ooe. 

" VaFieliesariseirrespeclively of llie nation 
of purpose, or of utility, iiccurdiog to gpoeral 
hws nf untiii'e, and may be eitiier useful, or 
httrlful, or imllSerept, 

" Thu nwiiinplJoo that an organism exists 
only oil aceiiuntof some dcfloiie end in view, 
aad ffprpsents soinetbiog more tbru llie in- 
eorporitiim of a general idea, or law, impliea 
a onc-sided conception of tbe universe. Aa- 
sumily, every organ bus, and every organiam 
f nlAI*. its und. but its purpnso is not tbe con - 
llllJnn of its exlstcnec Every orgnnism is 
aiHO sulQcienlly perfect fur tbe purpose it 
MiniA aud in Ibat. at least, it is useless to 
nek for a canae of ita improvement." 

It Is singular hov differetilly onn and the 
SMfliQ hii'K will impress different mimls. 
TtiM wbii'h struck tbe present wrlti^r mast 
WHtriUly Oil his first peruini of Ibe " Origin 
of Bpi-cies" was the conviction ibul teleology. 
M tuinuiuuly undi'tstuod, bad received its 
deitli-tiluw 111 Mr. Darwin's btmds. For Ibo 
t»leiil'i;:!ii-al iirgiimeut runs thus : an organ 
ororgiinlKiii (\) Is precisely fitted to perform 
a fuucliou i>r purpose (B) ; therefore it vras 
mcblly c'liis'.rucled to perform that func- 
tfott. lu Puley's fumous illustmticn, tlie 
sdaptaliiiu of iill tliu purls uf the watch tu 
llw funclion, or purpose, uf showing (he 
tline. is held lu be evidence that tlie watch 
ttwapudally canirived lo that end; on the 
(rouml ibut Ihe only c: 
gompvtcnt la prrxlncc sii 
vateh wlilcb xliall keep 111 
lnlellie*iice adapting I he 
Ibaleud. 

Bitppuse. Iiowever, lliat 

>bia to show Ibat ihe walcb liad not beitn 

made dir«clly by any person, but that it was 

Uw crstilt of the mudification uf another 

3:iti*h wlikh kept time hut n^jorly ; niid Ibiit 

' ■. J proceeded from a strunlure 

ii.irdly be colled a watch at all, 

i^ni no figures ou Ibo dial and 

r rudimentary ; nod that going 

I' I .IS tlie earliest traceable rudi- 

. ii lie fabric. And imagine that 

;:<i^silile to show Ibat nil these 

■. . n-suUed, first, frdm a tendency 

, .^,.. =-,i>i>jLiire lu vary Imleflnitcly ; and 

•:c^aiUy, fnim somethinu in the surrounding 

forbl wbir.h helped ail variationB in ilie 

ilmcilaa of nu accurate time-keeper, and 

becked all those in other directions ; then 

I Is ithTioiis liiat tlie force of Paley's nrjtu- 

«Dt would be gone. For it would be dcm' 

■Uralcd tlut an apparatus thoroughly well 



fffccl as a 
diteclly lu 



direct application of the m . , 

that ena, by im intellii;ent agent. 

Now it appears to us that what wo Ituve 
here, for illu^itratiou'^ sake, supposed lu ba 
dune with the watch is exactly what Iho es- 
tah!i«hraoot of Darwiri's tlieory will do tut 
the oriinic world. For the noliou that every 
organism has been createil as it is and 
launched straight at n purpose, Mr. Darwin 
sutisli lutes tbe conception uf aomelhlng 
which niuy fairly lie termed a nietliod of Iriol 
and error. Organisms vary lacessauily ; ol 
these variations the few meet with sur- 
ruunding conditions which suit ihem and 
thrive; the many are unsuitcd nod become 
extiuguifibed. 

According to teleology, each orpmism Is 
like a rifie bullet fired straight at a mark; 
according to Darwin, organisms are like 
grapeshot of which une hits something and 
thd rest fal! wide. 

For the teleologist an organisin exists be- 
cause it was maiic for the conditions in which 
it is found : for the Darwinian an organism 
exists bccftOsc. out of many of its kind, it ia 
thii only one which has been able to persist 
in till) eruditions in which it is fuitnd. 

Teleology implies that Ihcorgnns of every 
organism are perfect aud cannot be im- 
proved ; the Durwinian tlienry simply 
alHrma that Ibey work well enough to enable 
the nrganism to hold its own against aucb 
competitors as it has met with, "but admila 
pOKSibUity of indeliolte improvement 



nary teleulogicaf and the Dar-winian conccp- 

CbIs catch mice, small birds, and Ihe like. 
very well. Teleology tells us thai they do so 
because they were exprcHsly cDUBlructed lor 
so doing ; that Ihey are peifcct innusing np- 
jiarntiises, bo perfect and so delicately ad- 
jiialed that no one oC Ihcir organs could Iw 
altered, without the change involving Ibe al- 
teration of all the rest. Darwiuisni affirms, 
on Iho contrary, that thoro was no express 
construetion coniternnd in the matter ; but 
tliat among the multlludinotia variations nf 
Ibo feline etock, many of which died out 
from want of power tii resist oppoi^ng ioflii. 
enccs, some, the uais, were better fitted in 
cfllcb mice than olbers. whence they IllrovB 
and persisted, in proportion to the udvuniage 
over Iheir fellows thus offeretl to Ibcm, 

Far from Imagining that cats exist in vtAet 
tn catch mice well, IJarwinlsm suppoaca Ibflt 
cats exist liecaua they eutch mice well — 
mousing being not Ibc end. but the condl- 
lion. (it their existence. And if tbe eal-lype 
has long persisted as we know it, Iho intw- 
prelaliun of the fact upon Darwinian princi- 
ples would be. nut Ibat the cats have te- 
muincd invariable, but Ibat sucU varieties ua 
have incessantly occurred have been, on the 
whole, less fitted to get on in Iho wurldtba^ 
Ihe existing BloclL 
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apprubcnil Ihc iplrit of llio " Origin 

«f Spijcif^" rjgbtly. tlien. nuthinf; aa be mnie 

" iliitly anfl nljsolutcly opposed lo Icleolngj', 

H U commonly underalooii, than llie Dar- 

iuian Ibcory. Bo fur from beiai; a " leluo- 
,_jgi3t in the fiiUcfct SLtisoot tlic word, "we 
'MUduIU lieuy lliat lie ia n. Ii-leolugist in llio or- 
ilinary acnsa ut nil ; aud wc ebould Bay that, 
■pan from liis merits h-i a naliiralUt, lie iina 
readered n most rcmttrkable Hervice to pliilo- 
EOphicol ItiougLt liy coBblini; llie studt^nt of 
miiare lo lecogaixe, lu lliclr fiilkst uxteni, 
thoHO adap1a(iiiD9 tu piirpn^ wliicli are bu 
htrikioK in iLe orgnoio world, uad wlilch lelo- 
logy lias done gooil eervicu jn kt^plns; before 
ur miodti. williaut beiui; false lo thefuo- 
ilamunlal principltB of il pcieo title cunueptiim 
of (lie iiaiveisf. Tlio iipporenlly divorgtug 
leacliini-a of Ibu tcluo1(ij;i»t unil of tliemor- 
phologist arc reouciled by Ibe Darwiniaa by' 
polliesla. 

But leaviog our own impressions of liie 
" Origin of SpecieB," and turning to tboae 
pasaages specially cittd by ProfeBsnr Koliiber, 
wij cnunoi udmit tbnC Ibpy l!f«r Ibe inturpro- 
tation be puis upon tbciii. Diirwiii, if wu 
reuii him rightly, diici) iu( afflrni that crery 
detQil in Lbc Etructuro of un animal bns been 
crcnicd for Us bcutfit. His words f.ta (p. 
mil): 

'■ The foregoing remaiks lead me lo rny n 
few words on Ihu protest lately made by soma 
nntutiiliats agalost the ulllituilau doctrine 
that every detail of structure baa been pro- 
duced for the good of its poesessor. Tliey 
believe Ibiil very many etnittiires have been 
created far beauW in the i^yes of man, or for 
mere variety. This dnctrino, if inie, would 
be ubsolulely fulul to my theory, ytt I fully 
admit that many Blmclurca are of no direct 
use lo their possessor." 

And after sundry illustraliona and qiiallH' 
catiunx. he coocludes (p, 200) : 

" Hence every dutail of structure in every 
Jiving creature (making some little allownoce 
for the direct aution of pliysieui conditinns) 
may be viewed either as having been of 
■pecial UBu to eome anceslrul form, or as 
being I1UW uf special use to the descendants 
of Ibis fnrm— either directly or indirectly, 
through llie iJompleK laws of growth.'' 

But It is one ihing to say, Barwiaioally, 
liat every detail observed in uu animal's 
unicturo IS of tue to it. or lias been of use lo 
its aucestors ; and quite ouotber lo uffirm, 
leieologically, that every detail of uu ani- 
mal's structure bus been created for its 
benefit. On tiio former hypothesia, for ex- 
ample, the teeth of the fecial Balana have a 
meaning ; on tbe latter none. So far as we 
■re aware, tbera is not a phrase in Ibe 
'■ Origin of Species." inconaislent with Pro- 
feaaor KfiUiker's posjlioo, that "varieties 
arise Irrespectively uf the notion of purpose, 
or of utihiy, aecordiug to general laws of na- 
lum, and may be either useful, oi liurtful, or 
indiirerent. 

On tlie contrary, Mr. Darwin writes (Sum- 
mary of Chap, V.) : 

" Our jgaotuacc oi tlie laws of variation is 



profound, Not in one case out of tt hii» 
lired Clin wo p'riecd Ici 
why this or lliat pnil ( 
from Ibe same jiiiit in Ike partnls. . , . TB 
exlernnl condilious of life, na cliinat«>nii 
food, cic, seem to have induced some aligl 
r.iodifiealiona, Ilubit, lu producmg cods4 
liilionHl differences, and use, in atiun^hell 
ing, and diausc. in weakening and dlminidi 
i tig organs, si^ni tu have liecu luoro potent! 
tlieircltccta." 

And finally, aa if to prevent all poodl 
roiscunceptiun, nir. Datwin concludes 1 
"Cboptcr ou 'Varialion" with these pre 
naut wordH; 

" Whatever tko cause may bo of ea< 
slight difference in Iho offspring from Uu 
parents — and a cause for each must eziat- 
IH the steady Dcctimulation, Ibiough : 
HelecLiou of such diffcreocea, when beneflcla 
111 Ike individual, that givea rise toalllli 
more Important modifications of structure, h, 
which the inuumerablo beings on the face t 
Ibo earth are enabled to stnigglo with oad 
other, and the best adapted lo survive." 

We have dwelt at length upon lliia mil 
ject.liecauso of Its groat general imporlancB 
and because we believe that Professor KO 
likor's criticisms on thia head nre based upoi 
u misapprehension of Mr. Dartvin's views- 
Bubatantially they appear to us to coincid 
with bis o^vn. The other objections whlc 

Professor KOiliker or " -'' 

are llie following: 

"1, Ko transitional forma between exist 
ing species arc known ; iind kDOwn t 
ties, whether selected or Bponlaneoug. I 
go SI) far lis to establish new spedcB." 

Tothia Professor KallikerappciLrsIo bI 

some weiglit. Ue miikea the sn-^gesliou 

Ike short-faced tuuibkr pii;eun may ^m • 
pDtkulodcal product. 

"'i. No tranaitiouHl forma uf animals n 
mot icith among ilia organic remains of ea 
Her epochs." 

Upon Ihia, ProftBsgr KfniikerremiLritBlbi 
the absence of liaDsilioiiid forma in (he fii 
Bit world, though i 
Darwin's viewa, weakens bis 

■' 3. The straggle for exif 
take place." 

To thia objection, urged by Pulzeln, Kitt 
liker, Tcre juatly, allacUea no ' ' " 

"■ 4. A tundenty of organisi 
to useful varieties, and a natural s 
do not exist. 

"The varietieLi which are found arise i 
conseijuence of manifold cxterniil influence 
and it is uot obvious why they all, or jwt 
lially, should be particularly uaeful. Bm_ 
animal suiflces for its own ends, ia perfect c 
lis kind, and needs no further developmual 
Sbnutd, however , n variety be usefnl hd 
even maintain itself, there is no obvioq 
reason why it should change any Furthei 
The whole conception of the impel fection « 
organisms and Ihe necessity of their beuoB 
ing perfected is plainly the wenkestddeC 
Darwin's theory, and a pi> aiUr INotbbeliell 
because Darwin could Ibink of no < " 
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Uera again wc must venturo to d[8sral 
uompleltly from ProfeBBOr KSIIikcr'e con- 
oepliuu (>r Mt. Darwin's bypotlieslE, It ap- 
ptnra to us lo bu one oF ihu m&n.v pcculiut 
npriM nf tbitt bypoUieiiis ibat it iarolvM uci 
bHluf In a necessary and continunl progresa 
of organ ianiB. 

Asniii. Mr. Darnin. it v/u read him 
KTii!lil, nssuroiK no special tendency of or- 
nnisins to give liae to useful varieties, and 
KDOvrs niitliing nf needs of develupnienl, or 
nectsaity of pBrteclion. Wbul bo saya is, in 
IDbstancs : All orgunisms vary. It is In tbe 
higkcel dCKtee improbiiWa that any given va- 
liely ebnurd linve esaclly Ibo sumo relations 
til surrounding (londitious as the pnruDl 
■toelc Id ibnt cane It is cither better fitted 
(wtaeo tbc variutioD may be called useful], or 
wone fitlud, lo cope with Ibem, IE beiler, 
it will lend tg supplant tbe parent stock ; if 
voroe. it will lend tu be extm^uiehed by tbti 
{■reiil stock. 

If (OS is hardly conceivable) the new variety 
to an perfectly adapted tu Ibe condiliuii.'j llint 
MiDiprovomunt upon it U possible— it will 
peniat, because, though it does not ceuae 
to VKT, the varieties will bo inferior to 
Uaeir. 

If, OB is more probable, tbe n(iw variety is 
hy DO meana perfectly adapted to its cundi- 
lioDa. but only fairly well adapted to Ibem, 
11 i*itl peniist, so long us none of the varieties 
Which It throws off arc belter adapted tbau 
ifMlf. 

On Ihe other hund, nesoun as it varins inn 
tuetlll w»y— i.r,, Avben tbe variation is sucb 
M to adapt it mure perfeclly to it! conditions 
— ttiefretih variety will tuuU to supplant tbe 

80 far from a gnidiint progress toward per- 
fsclion forming any necesaury part of tbc 
Darwinian creed, it appears to iis that it Is 
parfucUy oonsistent with indefinite persist- 
(ooe in one Biato, or wiib a gradual "" 
"* Suppose, for e.xiimplf 
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^Iriciit ppoi'b Hud u spread of polar climalal 

■ (.IT I lie whole globe. The opera- 

i ^eicclio^ under these circuni. 

I lend, on the whiile. to the 

"1 (he higher organisms and the 

.. „ t lilt' luwer forms of lite. Cryp- 

ijgumic vegi^ialion would have the advau- 

I>^ over pbaoerogamic ; Hydrmoa over 

conia ; Omttacea over Ttiteeia, and Amp/U- 

paOn utd Impoda over the higher Cruiiaeea ; 

CMaceans and seals over tbe Pnmatei; tbe 

dirilirAtion ot iho Esquimaux over that of 

Ibe Kuropenu, 

"S. Pclzeln has also objected that if ibo 
liter organisms have proceeded from the ear- 
lier, Ibe wholedevclopmunlal series, from ibe 
i<IB]>teH to the highest, could not now exist ; 
Id BUOli a case the simpler organisms must 
ktTe diitappeared." 

To Uita Proteasor KfllUker replies, with 
pwfect justice, that the cunclasion drawn by 
Main tloes not really foitow from Darwin a 



premUes, and that, if we take the facts of 
paleontology as they atund. tliey rather sup- 
port than oppijHO Durwin'a theory. 

" S. Greut weight must be ittlached to the 
objeetiun bmuglit forward by Huxiey. other- 
wise a wiirm suppurler oE Darwia'a hypothe- 
sis, that wc know of uQ varieties which aru 
sterile with one another, as is the rule among 
sharply distinguiiibed auimal forma. 

" If Darwin is rigbt. it must be demon- 
strated that forms may he produced bysetec- 
tiou, which, like the present sharply 'dislin- 
guiabed animal forma, are inferlllu when 
coupled with one another, and ibis has not 
been done." 

The weight ot this objection is obvious ; 
but our ii;nnrnnce of tbe conditions of fer- 
tility and sterility, tbe want of carefully 
conducted esperiments eslendiog over long 
series of years, and the strange anomalies 
presented by the results of the croBs-teitili- 
zalion of many planls, should ail, as Mr, 
Darwin has urged, l)e taken into account in 
conBidering it. 

The BBveulh objection is that we have 
already discussed. 

Tbe eighth and last stands as follows : 

" 8. Tbe dcvelopmeolal theory of Darwin 
is not needed to enable us lo underaUud the 
regular harmonious progress of the oumpletfi 
series of organic forms from the j^lmpler tu 
the more perfect. 

" The existence of general laws of nature 
eiipbiltis Ibis harmony, even if we assume 
thai all beings have arisen sepatutely and 
Independent of one auotber. Darwiu forgets 
that inorganic nature, in which there can be 
no lliaoght uf a genetic connection of forms, 
exhibits the same iv^gular plan, the soma 
harmony, as the organic world ; and that, to 
cito only one e.taiuple. Ihere is as much a 
nulurid system of luinerals as of plants and 
animals." 

Via do nut feel quite sure thai we soiae 
Professor KOIliker'a meaning here, but hu 
appears to suggest that Ihe observation of 
the Kenerul order and harmony which per- 
vade inurganic nature would lead lis 10 an- 
ticipate a simihir order and liarmnny in lbs 
organic world. And this is no doubl true, 
hut it by no means follows thai Ibe pattlcu- 
lar order and harmony observed among Ibem 
should be lliat which we see. Surely the 
slrip>s of dun horaes. and llie teeth oE tlio 
fceiul Baiteivi, are not ex|ilaiaed l>y llie 
" existence of general laws of nalure." Mr. 
Darwin endeavors to explain Ibe exact nrder 
nf organic nature whlcli exists ; not the mere 
fact iliat there is some order. 

Anil with regaid to llie existence of a oat- 
unil system ofminerals ; ilio obvious reply 
is that there may bo a iiatuiid claHsificatinu 
of any objecis— of stones on a sea-lieucli, or 
of works uE art ; nnnlurnl closaidcation being 
simply un ossembinge of olijects in groups, 
BO OS to express Ihelr most important and 
fundamental resemblances und dilfcrencos. 
No dontit Mr. Darwin l«lievea that Iboae Tft- 
semblances and difEerences upon wiiich onr 
natural systems or clasav&uujtd'a& o'l «iaao^a 
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anil plants nre bnaod nro rcaemblaDces and 
rtiffi-rencus wliioh Imvf l^een procluCBii gt- 
nwli-iilly, but W8 fnu ilisi^nvcf uo rensou lot 
iiij|)pDs>ii^ liiitt he (ieiiiirt) Ilia existunco of 

AD-1, afler nil. >a it quilo t>a cerlain tlint u 
Setieilc tuUtbn may not uuilrrlle llin clu^i- 
ncatiin oF miaenils? Tlic inorgauic world 
iiai nut alwiiys Iiocn wtiat we see It, It hue 
ctrlitinly liad Us raulumorpliusi's, and. veiv 
prt>bttbly,u1<iafl;" EatwickuIungsgeaciiicUle 
iiilt of n nububr blastema. Wbo kuowH biiw 
far tbut ani'iuut ol likoucss nmoug sets of 
tninci'uU. la virtue of which lliey uie or>n 
gcouped into families and Hnlers. may uoi be 
tike oxpriissiEm uf Ihc (.'omrnmi eonUiiioiis to 
wlileh Ibul purticular pulcli of m^lmlaiis fug, 
wUioh mny hare hceu conaiiimed by Iheir 
atums. aiul nf wliir;!) they roay be, id the 
SUlL-tcsl seu30, llio descendaulH, was sub- 
jeclvtl; 
It will be ubvinus from what has prcccdeil 
al we do not Hgree wilb Prnfeesor K^Diker 
ibiuhing the objei'tions whirti he briu^ 
■ward BO weighty as to bu fatal to Dar- 
'. Bui evcu it thecaae were other- 
.__. ._ shoulrl be unnble to nccept the 
Theory nf Helorcsenomis Genet.ilinii" 
'liicb is ulleicd hs it substiluiL'. Tiiat 
V is lliiis Etiilud : 

.he fiiuilumeutnl concepliuu of Ibis hy- 

jthesia is that, under ibe IdUiiuuco of a 

iiicral law of development, ibc germs of 

'gaoiams pmrliice uiiiers ditfeieut from 

leuiwlves. This might bappen (l) by iLe 

.joiudated um pasaiDg. in Ibe couise of 

Ihuir dereiitpmenl, under particular ciicum- 

slnocea. inUi higher forms ; (3) by the piiiiii- 

l]vc nnd later orgimisms producing oilier or- 

gaiiisms wiiliout fecundnlioD out uf germs 

■«r i«g< (paitbenogenesis)," 

' In furor of Uiia bypolheais. Protesaor 

^Slliktr adduces the nelUknnivD fuels nf 

i, or *' aliernulc gcneraliua;" 

disaimilonty of Ilic miles aud 

females of many animals : and of ibu ii.,iirc. 

fvniales. and ueulvis i>f (biis« insects wLIch 

liac in colnnii-s - and lie deBuK lis iclalioaa 

to the Dafwiui n theory as fnllon'S ; 

"It is ubviouii Ibul niv hyputbesis is a|>- 
{Nirently very similar to Uanvin's. masmucli 
~ ~ 1 alsw consider that Ibe vuiious forms of 
imals ba*c proceeded directly from ana 
lOtker. Hy liypothesisuf Uie cieaiiunof or. 
ii»ii!i by belerogeneous ^ueralicD, liow 
r, is disliDgnisbed very rssenthilly frant 
itwin's ■>y the «ulire absence) of ilie 
^rinciiile of useful tsTisiions aail ibcir nam- 
TbI selecliOD : and my fundaiuenlal conc«p- 
this, Ibat a gieal pUo of development 
the founilalinn of Ihe origin of Iho 
wbole nrgantc world, impelling Ibe ampler 
fmras to more and more campleK develnp- 
HKOts. iluw this law npenitcf. wbnl inllu- 
doletmiue Ibe nevelnpme&t nf the eggs 
,__. ^erms. and impel Ibem to assume cua- 
Motly new f^rms. I nalumlly cannot pre- 
tend In Hij : htit I vvu Bl tetL'I adduce Iho 
etc*! analt^' of ifae alleniition of gcnera- 
liooa. It i> Oiftitnariit, a BtvtJUaiana. a 



riutetii, is oompelent 1c produce llie Kchiniy 
derm, which is so widely dilTc rent from it; 
if u hydroid polype cun proiluco Hie lUgbcv^ 
medusa; if the vermitoim trcmiiindO' 
'nurse' i-Jin develop Within iisi'lf ihu vunr 
unlike Covniia. it will not appiiir impoefllM> 
that the egg. or uilinted embryo. oC i 
sponge, for oiico, under speclul ounditjoua 
might ticcume a hydroid polype, or the on 
bryo of a medusa, an Echioodurm." 

Il is obvious from these estroctfi Ibnt Pn 
fesaor KOllikcr'a hypothesisis is based Hpd 
Ibe supposed eiisience of a close analoi 
Iwtweeu the phcuomena of ngamogeoes.^^ 
and the production ol new species fmni pn 
existing ones. But is the analog a rea 
one ? We Ihink ihot it is mn. and, by It 
hypolliesia. caDQul be. 
'For whut ate Ihe phenomena of ogamoi 
gencEia, slated geuernllyT An imprtmialedl 
egg develops iuio an asexual form A ; ilil^ 
gives rise, asexually, to a svcond funu o 
forms, B. more or less diSerent from A. 
mny multiply aaexually again ; in Ibe eii^ 
coses, hnncver. it does nor. bul, actlitini 
sexual churaciers, produces iinpre|^BlO<l«S 
from whence A ouca more arises, 

Ko coEO of Hgamogenesis is known 1. 
whicb. wAfn Adifferticidelf/from £. itisU 
self capable of sexiiul propagnlion. So OM" 
whatever is known in which Ibe profrcny o 
G, liy sexual {.'eueiuiiun, is other tban am 
prod ui' I ion of A. 

fiul if Ihia be a true stalfmeni nf Ibc m 
line nf Ibe process of agamogenesis. Low cai 
ii enable us to compreheod ibe productinnq 
new species from already fXisliiig ouesT Ll 
us suppose Ityeua^s lo have preceiled ilogl 
and lo have prmliiccil Ibe latter in this «H 
Then Ibe byeoa will represent A, tad ifi 
dog U. The Qist dliBcully Ibat prtaeal 
isrlf is that Ibe b.vena miial lie asexual or Ik 
prooess will Ire wholly without analugj i 
the world nf agamogenesis. But pas^~ 
over this diOicnlty, and eupposingHioaleu 
female dog ID he produced ut the same lima 
fiom The hyena slock, Ibe progeny of tin 
pair, if the antilogy of ihe simpler kinds ofr 
iicnmogeneMS is t<t be followed, should be I 
litter, mil of puppies, but of young hyenab 
Fur the agamogenetic series i» alwi^, M 
we have seen, A : Ii : A : U, elc ; wItereM 
for the production of a new species Ilic seriB 
must In A : B : B : B. etc. The prodttdtal 
of uew species, orf:^uera. islheextremo 
manent divergence from Ibe pTJroiiive St . _ 
All known ngamogcnetic processes, on llw 
other hand, end in a complete rclltm 10 ittl 
pnmitive stock. How Qteii is llie pioituctidi 
of new species to be rendetai laielllgibla If ^ 
tire nDo!o!y of ajramogenesis ! 

The otLer aluirnalivo pril by I*ioreasil 
Kulbker— the pa^iaire of lecaD'Jated ovn i| 
■ lie course r>f Iheir de''clt>pmenl inio hl|^MS 
forms — woidd. if il nccuried. Iw nunlir U 
e case of Tati«iioa ia Ibc D«rwwk| 
greater in d^ree than, but perfenllj 
HiiniMr la kind to. tbat wbicb oceuired wlM 
Uie welt-kuown Ancan lam was de* 
from au ordinary eive'a uvum. Lide 
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Im*« Blwiiys iLought ILat Mr. Dntwin has un- 
neoouwrily liiiraviercd liima&l^f liy adliuriiig su 
iitiiclly lu hid tavurite "ftalura noo fauit 
satlum." Wej(rvatly Euspect Ibat sliii dotia 
DMkc couaiilerabie jumps la the way of va- 
rittliou Donr andUiiia, :md Ihat Uieso saUit- 
UunH g^vu lisn lu Bome uf IliB ffflps tvbicb ap- 
p<Mt lo exist in Iho series of ^unn form!). 

Stmnsly aod freely ns we htive TCQlmei] 
ki duBgrue Willi Professor KOlliki^r. wu liavc 
«l«rays doDa so wiih rt-2;rer, uuil wo tiiisl 
wlUiOUt vioUtiog lliiit i-fspcct wliidi iailiie. 
not only Vt liis seienlilii: ciiiirit'iK^e ami Id iIiL' 
cantful sludv A-liicii in' Lil;h dL'vuied Ii> iUu 
mbjevl, iJiit lu llie perfect nirriiL'sa of hU 
UKunurntnl li>n. uud llie t;<.'ntrous iipprccLi- 
tkm of llic worlli of Mr. Drirwin's laltore 
wIllL-li liD iiiivnya dlspl>tys. Il woidd !« snl- 
Uficiory lo im able tu euy us mucb for M. 

nil..--,'. 

" " rpduiil Becrrtary of llie French 

■•.■icutwa ticalB wilbMt. Darwin 

i|ii>lc<Mi ts'niilil liiivu Iri'aled na 

iiiid whila diKpliiyiiig u puia- 

' ~ I r liigic undtliallnwneaBof in- 

fi'TmnPim. aasanua u lone of aulhorily 

vUicli iilwuys luiichoa upon Ibo luilicroua, 

and &>rou(ituc» [iubms llm llu)ll3 ot ^lua 

brauliui,'. 

For cxnmplB (p, fid) : 

"M. Dnrtvin ennliaiia : ' Aucudu dielioc- 
tion alnulii'J [I'li Btit DQ pent Gire ubdiUu 
Mlio Ira ci|>uce« cL Icb varielCs ' Jo votn nl 
illja dil ijui- vouB Vijus Unmyicz; iino dla- 
llli<:it">> »l'-'olua BrfiarB lea varielei J'aveclua 
wpicie." 

" Je wui ai dcjii d<'l ; moi M. I<t Becrfilairo 
pdrp6lllirl ite rAcaduLQiu dea Bueneta : et 

■■' Qui n'elcB nen, 

I'lis memu A<;uileiiiii:iGu 
what (lo yuu iiK'Uii by asaeriiu^ Uie eoo- 
ttvyf" Ueiiig devoid uf llio bleanitigs ut' uii 
uailvmy in ll^nKluucl, ve itrc iiaucciiKiKmud 
lo Me 1)111 iibWl mvu tteuLed in tliia fa^ihiOD, 
(ten by n '" Porpeiiiid Secreiary." 

Or ngiiio. onaiduriuf; llinL if ihare is any 

one i|iiililv if Mr. Daiwin'a work to wliicb 

■ri.:. ;-. .1! i i:it;i liovu idike l)orDe witncaii, it 

. . iuid tiiirii(.-ais in iiilniitliiig' and 

. iji'diuiif^ whut IS to bo iboiight 

... .; r ... :r:.iss asscrllon, Ihnt 

W>. U.t: ■'■ i\t nu die ((iie lea aulours qui 
pwLiguat aus opinioua" ((>. Hi). 
Oiin.i nune (p. K). 

"Kafln I'ourragu de M. Durwina puni. 

Og oe peut uu'fLro frupi>& du l>ili:ii[ de 

I'uilour. Muis quo d'i(lJ:e9 obsciireii, cjiie 

d'iUics rinaijca 1 ^m-l jargou mfitjiphysiquo 

JM^ miU a. [iriip-ia duus I'liiatiilre uaLurcUo, 

nil iiimbH ci.iitH ]ti ffiUmMina d£s qit'ellii atirt 

if.. (I^^H ibdres, idua idees Juslea 1 Quel 

■ ■■iiLleus ct ylds ! Qudles per 

imirilca ct siiranml^'s ! O lU' 

I I !ii^ da r(»prit Frani^aid, que 

" metaphysical jar- 
I' [wmuuLiuus and eniply I 
'pnrilo anil Buperauaunicd ' 



beimiiny, but we ila oiit lecollvet I.'i have 
fuuud iirCL-inely ihese itlas In lliu Inng cuta- 
logue ot lliMse hitherto laid li) his Pbiu-;u, It 
1h worth while, llierefore, lo exammu iiila 
these di3i:>)verie3 ':SL'(.'l(ii aoleiy by (Uk iiid d( 
the " lucidity and floiiiiity ' of tbu mliid ot 
M. Flourens! 

Aci^urdlM to JI. Flncrens. Jilr, Darwin's 
great error ii '.hat h; lias pi-'sniiiflnl nalure 
(p. 10), and fiirlli?r Unit he b 
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{pouvair ^'■■lin) ■v.t.iU l.c 
Mimilftf tu til., p i.Mi- ii: 1 


in. Tll'.SC two 


•uppofiiliun^ iniinillMl liu 


iinj Slop^ ii.iui 


uo plays Willi imluii! 115 ha 


likvB, unJ a\i\k<i9 


her do all he pleases" (p. ( 


. 


Aud luia is llie way M 


Flnureus extin- 


guislies imiural eeluciioa ; 




"VoyoDs donu c-nu'ii-e 


.nu fnis, CO qu'il 


peul y iiir.iir da fomie daiia 


ce Qu'oii tioiuiil0 


eleetl'io nnlureUc. 




■• J-'ilrclioii n/iturclli\ 11' 




noiu que \ii naluru, Pour 


un Glru urjKiniiiS, 


la ualuie n'cEt liim I'organizuiijn. id plus 




" II fuiidra dnnc im^i Ticraufinilli':' Vofs^n- 
iaatirin, el dlio que Vorgaiikaiion chnimt I'or- 
ganUnUoii. L'Section nniamUe eat rj;\.la forme 
/•ub»tanliell<idonl on joui^t uUtrefois avec liml 
de funlile, Arlslnle diaalt q.ut) 'SI i'aitdn 
liSlir£laIt ilanalelxiiB, a-lnit oglciit i.'omma 
la u.iiure.' A la placa du I'ari tla Mii>AL 
Darwin met I'&erlU'ii nnturrlle, et it'cst taut 
un : I'lin n'rst paa plus cbini^iique qua 
VHiilrf-(p-lil). 

.\nd Ibis is milly nil that M. Fioiireus can 
rauku if iiniiindsek'climi. We luw? ci^en tb« 
6rij;Itial. in fear U'at m li:aDalud.>ii.--Ui)iilLl bu 
I'L'^ardtJos a Uavcaly ; but Willi ilii; mi^iiual 
before Ibu readur, wu majr try 1..< !i!<al.vze the 
^QaHaRi'. "Foriin orgiiniiciT hdujr, Niilura 
IB only organizaliiiii. iieitlKr mi<rii u :r Il'PS." 

OtipitiiKBil belnf^ ibt'ii Inivu alie'dii'dy no 
TtbiiiDu til inorganic iinturo ; a plant liuci 
not depend ou Buil or Eunt'liiDO, I'limote, 
depth in Ibe oceau, lieljjlit above it ; tlis 
quanliiy of aalina raalle.-a in wiilcr liava 
□o influence upon aoimal life ; Lbc BUli- 
atitulion of carhiinic ncid for <^sy^'n in out 
atmospbero would hurt nobody I Tbailtieaa 
aro ab.'ufdiliea no one hbnidd know betler 
than M. FUiiirena ; liuttlieynrcloi;iciddeduo- 
tions trom Ihe atscction just qiiolrd, and 
form, ihe further sislemeni Ihiitnttliiial spIcc- 
tion meuua only that " oreoni/allon diotMea 
andseieelB orgonizallou. " 

For if il Ijo once admlKcd (what no sono 
man dciiicK) Ibat ihe cbancrs of life of ikny 

ditiuus(A) uuddimiiiiKbed by ibeir opp.ishea 
(B). tbenil idmalhemalioNllycettuinlbat iiny 
cbaofio of conditions in Ibo diificti.m of (A) 
will p»MCi80 a sclcctiru iofluencu in favor of 
Ihat organism, lending lo il» intrtUi'O and 
uiulliplication, while any cbun^u in Ihn di- 
reollonof (B)willexcri!ise a selective ioHu- 
coce ngainit lhalo[saaiem,tea^^'t'u>\V%^^ 
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oeoKi nnd exlinclion. 

Or, no tlie (itlier huatl, coodltionB remoio- 
Irg iliu piime, Itt q Kiven orgauiBm vary [and 
no rrmi d ml>ls lliat llicf du vary) in two di- 
iGCtiuiia; iuLu cue form {a) betttir tilled li> 
QUpu Willi tliese coodilinnB [lion llie origlnnt 
Btoclc, nnil n SM;aiiil (A) lees wtll iidupted to 
thtm. Tlicn U U no less ccrlnin Hint tUc cod- 
dllioDS IQ (lUtsUoa must exerciaa a seleclire 
influtnee in famr of (i) and agaioat (h), bo 
thAi (II) -will iGuil to prciluminunce, uud (o) to 
HSliri)»tion. 

Thut M, Elonrens shoulii bo uunble to per- 
eeire tlio luftical neiieasity of llicse t>iniijl« 
arguments wtiich lie nt ilie foundation of nil 
Ur. Barwin's raasoniug ; liiatbe Bhould coii- 
founil an lirefrugiblo dikluctioD from the oil- 
served relnlions of organisms to tlie condi- 
tions nbit^h lio around them. Vith a nicla- 
phjHicul " formo Bubstuntielle," or u chimuil- 
cal person ilitiiUon of tlm powers of nalnrf. 
■would bo incredible, wuro it not lliat oilier 
passages of his work leavu no room for doubt 
upon tbe subject. 

" Oa Imaeino uno ilfrtion nalareUe quo. 

pour plna & menugtnicni, on me dit ciro 

fiUMue^tite, sane s'apercevojr que le (»ntro- 

I sens IJUeral est pri.'cisemeut lit : Section in- 

\ OonneviiiU" (p. 52). 

" J'ai d6ja dil re qii'il funlpenBGr do I'Slee- 

naturelle. Ou I'lUeiion jialuTelle n'est 

], on c'cst la nature : mais la nature dou^e 

d'el^elioit, lunifl ia rmlure peTtonnifllJe ; der- 

nidri^erieurdu di^'nier sime : Le zix nefait 

plus de peraonnitieaiiims" (p. 53). 

I M. Ploiirens oinnot imagine an nncon- 

W BeloUB aelecllnii— it l4 for bim a contradielion 

m ia teinis. Dui a. Fluurcns ever visit i 
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vill prubab'y have passed through the illBtrict 
of the Lanrtea, and will have had an oppoT' 
tunity iif observing the formation of 
" tiunes" on a granil scale. What are these 
" dunea !" The winds and waves of the Bay 
of Biscay liave not niucli const ioii«n ess. and 
yet they have ivilh great care " selected," 
trom omong an. infinity of masses of silex uf 
all shapes and sizes, tvbicb have been sub- 
mitted to their action, all the grains ot sand 
below a certain size, and have heaped them 
by themselvcB over a. great area. This sand 
has been " unconsciously selected" from 
amid the gmvel in which it first lay with as 
mucii precision as if man had " cons^ously 
selected" it by Ibc aid of a sieva PfiyEical 
guology is full of such selections — of thepick- 
mg out of the soft from the hard, of Ihu sol- 
uble from the insoluble, of the fusible from 
the iutusilile. by natural ugencifH to which 
we are certainly nut in the hubit of ascribing 
COnscionsnesB. 

But that which wind and sea ore to a Bundy 
beach, the sum of influences, which we term 
the " condilions of existence," is to living 
organisms. The weak arc Bified out from 
tlie strong. A frosty nlgbt " selecls" the 
luirdy plania in a, plantation from among the 
taidci' ones as effectually as if it wero tbo 
id, and they, the sund and pebbles, of our 



UlUBlralioB ; or. on the other hand, aa if Ui« 
intelligence of ii gardener hod been operative 
in culling the weaker organisma down. """ " 
thistle, tvhich has spread over Iho ynmpoif 
to the destruction of native plants, has beat 
more effectually "aelecicri" by the u 
scions operation of nulural conditions lluiili 
i[ a Ihonsand agriculturisla bad spent thcA 
lime in sowing it. 

It is one of Mr, Darwin's many gi 
vices to biological acicneo Ihatlieb; 
ODElraled the significance of tlicso fact^ 
He has shotvn thol — given variation ani 
giten clinugc of conditions— the iuuvitabli 
result is the exeruisc of sitcb an influcno 
upon organisms Ibal one ia helped i 
another is impeded ; one lends to predoi 
nalc, another to dituipptnr ; and lima Ihe ]i«i 
ing world bears within llscir. and is aufr 

rounded by impulses toward ' 

change. 

Bui the truths jost stated ate as certain a 
any olhor pliysiciil liiws, quite inrtepcndwitl; 
sf the truth, or fxlsuhoud. of iliu hypoihe^ 
whieh Mr. Daiwin bus bitsed upon tbem 
and that SI. Fto«rens, missing llie But)!«tano 
and grai'ping at aKhadow, should be biinn ti 
Ihe Hdmirnhlo csposition uf Ihem, which Ml 
Darwin has given, and see nothing there bu 
a "' derniftru erreiir du dernier siilcio — a p* 
Honiticalian of nature — leads us indeed to cr 
with him : O lucidilS ! O soliditfi de I'csprl 
FianijAis, quedevenez-vous! 

M. FInurens has. in fad, iilterly fnilod t 
comprehend the first principles of tbe doe 
trine which he aFsaila so rudely. Hia obje* 
lions to details uru of the old soit, so hatlerei 
and hacknej'ed on this side ut the ChaniM 
ttiat not even a Quarterly Reviewer could b 
induced to pick ihem up for ihe purpose o 
pelting Mr. Darwin over again. We hay 
Cuvler and the mummips ; M. Itoulin an 
the domesticated animals of America ; Ih 
difBculties presented by hybridism and l^ 

EiJwontology ; Darwinism h rifaca'amento a 
le Maillet and Lamarck ; Darwinism a rm 
tcm without a commencement, and its aatoo 
hound to believo in M. Pouchet, elc, etoi 
How one kiiuws it all by heart, and wiU 
what relief one reads at 



Is at p. o; 
e M. Dar 



But we cannot leave M. Flourcns vithoa 
calling our reader's attention lo his wondef 
ful tenth chaiiter. " Do lii Preen istence dd 
Germes et Qe I'Epigenese, which upeoS 

"Spontaneous generalion is only ft <ibl« 
nieni. This point esiahlishen, two hypoihea(4 
remain — that of prt'exisleniM and that of q"^ 
ffeneiii. The one of theft hypotheses luu 
little foundation as Ihe other (p. 168). 

" The doi^lrine of ejtigenesiU is derived fi 
Harvey ; following by ocular iuspcclinn tb 
development of llie new being in the Wind 
sor does, he saw each part appear succesi 
ively, and taking the moment of appearatu 

for the moment nt formation he ii "*"~ 

-—--■- (p. 10,1.) 

" The new b 
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tf*tfA eotip), as a wholo instantaneously ; it is 
DOt formed part by part, and at different 
times. It is formed at once ; it is formed at 
the single inditidual moment at wliicli tli€ 
cxmjnnction of tlie male and female elements 
tttkes place.*' 

It iviil be observed tliat M. Floiirens uses 
language wliicli cannut be mistaken. For 
bim. the labors of Von Baer, of liatUke, of 
Coeie, and their cnntcmpurarics and succes- 
Borii in Germany, France, and England, are 
no^-czlstent ; and, as Darwin." /wc7>7«;wt" 
natural selection, sullarvey "' imagina" VhraX 
doctrine which giv^es him an even greater 
clum to the veneration of posterity than his 
liettcr-knofvn discovery of the circulation of 
the blood. 

Language such as that we have quoted is, 
in fact, w) preposterous, so utterly incompati- 
ble with nny(hin>^ hut absolute ignorance of 
WHne of the bfat established facts, that we 
^ould have ousscd it over in silence had it 



not appeared to afford some clew toM. Flon- 
rens's unhesitniinir, d priori, repudiation of 
all forms of the doctrine of the progiessive 
modification of living beings. lie whose 
mind remains uninfiuenced by an acquaint- 
ance with the phenomena of development 
mubt indeed laclc one of the chief motives 
toward the endeavor to trace a genetic rela- 
tion l>etween the different existing forms of 
life. Those who are ignorant uf geology 
find no difficulty in believing that the world 
was made as it is ; and^the shepherd, un- 
tutored in history, sees no reason to re«2;ard 
the green mounds which indicate the site of 
a Roman camp as aught but part and parcel 
of the primeval hillside. So M. Flourens, 
who believes that embryos are formed *' tout 
d*un coup,*' naturally flnds no difficulty in 
conceiving that species came into ezistenca 
in the same way. 

THE END. 
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OH THE PHYSICAL BASIS OF 

LIFE.* 

Ijt order to make the title of this dis- 
jurse generally intelligible, I have trans- 

* The substance of this paper was cou- 
Wned iu a discourse which was delivered in 
Edinburgh on the evening of Sunday, the 8th 
of November, 1808 —being the first of a series 
of Sunday evening addresses upon non-theo- 
k^cal topics, instituted by the K?v. .J. Cran- 
brook. Some phrases, wjiicli could possess 
only a transitory and locnl interest, liavo 
Iota omitted ; instead cf the u8wsTmr)cr re- 



lated the temi ** Protoplasm," which is 
the scientitie name of the substance of 

port of the Archbishop of York's address, his 
Grace's subsequently-published pamphlet 
" On the Limits of Philosophical Inquiry" is 
quoted ; and I have, here and there, endeav- 
ored to express my meaning more fully and 
clearly than I seem to hnve done in speaking 
—if I may judge by sundry criticisms upon 
what I am supposed to have said, which 
have app'jareii. But iu substance, and, so far 
as my recollection serves, in form, what is 
here written corresponds with what was 
there taid. 



45 



ON THE PHYSICAL BASIS 07 ITTE. 



whicli I Jim about to spealc, by the words 
*' the physical basis of life."* I suppose 
Ihat, to many, the idea that there is sucli 
a thing as a physical basis, or matter, of 
life ma^ be novel — so widely spread is the 
conception of life as a somethinjy which 
works through matter, but is independent 
of it ; and even those who are aware that 
matter and life are inseparably connected, 
may not be prepared for the conclusion 
plainly suggested by the phrase, *' the 
physical basis or matter of life," that 
there is some one kind of matter which is 
common to all living beings, ana uiac 
their endless diversities are bound to- 
gether by a physical, as well as an ideal, 
unity. In fact, when first apprehended, 
such a doctrine as this appears almost 
shocking to common sense. 

What, truly, can seem to be more ob- 
viously different from one another, in 
faculty, in form, and in substance, than 
the various kinds of living beings ? 
What community of faculty can there be 
between the brightly-colored lichen, 
which so nearly resembles a mere mineral 
incrustation of the bare rock on which it 
grows, and the painter, to whom it is in- 
stinct with beauty, or the botanist, whom 
it feeds with knowledge ? 

Again, think of the microscopic fun- 
gus — a mere infinitesimal ovoid particle, 
which finds space and duration enough 
to multiply into ciMintless millions in the 
body of a living: ily ; and then of the 
wealth of foliage, tho luxuriance of flower 
rind fruit, which lies bciween this bald 
sketch of a plant and the giant pine of 
California, towering to the dimensions of 
a cathedral spire, or the Indian 1^^, which 
covers acres with its profound shadow, 
and endures while nations and empires 
come and go around its vast circum- 
ference. Or, turning to the other half 
of the world of life, picture to yourselves 
ihe great Finner whale, hugest of beasts 
that live, or have lived, disporting his 
eighty or ninety feet of bone, muscle, 
and blubber, with easy roll, among waves 
in which the stoutest ship that ever left 
dockyard would founder hopelessly ; and 
contrast him with the invisible animal- 
cules — mere gelatinous specks, multitudes 
of which could, in fact, dance upon the 
point of a needle with the same ease as 
the angels of the Schoolmen could, in 
J/23^inatioD. With these imajres before 



your minds, you may well ask, what 
community of form or structure is there 
between the animalcule nnd the whale ; 
or between the f unijus and the fig-tree I 
And, a fortiori, between all four ? 

Finally, if we regard substance, op 
material composition, what hidden bond 
can connect the flower which a girl wean 
in her hair and the blood which courses 
through her youthful veins ; or what iS 
there in comtnou between tho dense and 
resisting mass of the oak, or the strong 
fabric of tlie tortoise, and those broad 
disks of glassy jelly which may be seen 
pulsating througii the waters of a calm 
sea, but which drain away to mere films 
in the hand which raises them out of 
their element ? 

Such objections as these must, I think, 
arise in the mind of every one who 
ponders, for the first tiine, uf»on the con- 
ception of a single physical basis of life, 
underlying all the diversities of vital ex- 
istence ; but I propose to demonstrate to 
you that, notwithstanding these apparent 
difficulties, a threefold unity — namely, a 
unity of power or faculty, a unity of 
form, and a unity of substantial oompo- 
sition — does pervade tha whole living 
world. 

No very abstruse argumentation is 
needed, in the first place, to prove that 
the powers or faculties of all kinds of 
living matter, diverse tis they may be in 
degree, are substantially siinilap in kind, 

Goethe has condensed a survey of all 
the powers of mankind into the well- 
known epigram : 

" WarumtreibtsichdasVolk sound scbrelt? 
Es will sich ernftbrcn. 
Kinder zeugcn, und die nuhren so gut M 



vennag. 



Weiter bringt es kein Mensch, etell' er sich 
wie er auch will." 

In physiological language this means, 
that all the multifarious and complicated 
activities of man are comprehensible 
under three categories. Either they are 
immediately directed toward the main- 
tenance and development of the body, or 
they effect transitory changes in the rela- 
tive positions of parts of the body, or 
they tend toward the continuance of iho 
species. Even those manifestations of 
intellect, of feeling, and of will, which 
we rightly name the higher faculties, are 
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|||«ctudcd from thU clossiJicntion, in- 
iacb as to every one but tlio subject 
I, thej are known only aa transi- 
tory ehangos in iho relative [lORitiona of 
jwrta of llio body. Speech, gesture, and 
crery othar form of human action arc, in 
the long ran, resolvable into muscular 
contraction, and niuaeular contraction is 
but a transitory change in Ibo relntive 
poattiona of thu parts of a mnaclc. But 
iho wshunio wbii;Ii U largo enough to em- 
brace tbo activities of tho higheat form 
of lifo covers all those of the lower crea- 
tuea, Tho lowest plant, or aniuiaicule, 
fMd§, grows, and reproduces its kind. 
In addition, all animals muutfcst thoso 
transitory changes of fonn wliicli ivo 
daaa nndor irritability and contractility ; 
and it ia more than probable that, when 
tbo Vegetable world is thoroughly ex- 
plored, wo shall &nd all plants iu poaaes- 
"ion of tho saaio powers, at ono time or 
oiLcr of tboir existence. 

I am not now alluding to such phe- 
nomena, at unco rare and conspicuous, 
m tfaoao exhibited bj tbo lonfleta of the 
oomtittre pbml, or the stamens of the 
bQrl>en'y, but to much moco widely- 
^road, and, at the same tiuje, more 
iobtlo and bidden, maulfestations of 
Tcgetitblc eontractility. You are doubt- 
leM avraro that tho common nettle owes 
it> aUa^iu^ property to tho inniimerublc 
ttUt and needle-like, tUougli exquisitely 
delicate, Intirs which cover its surface. 
Eadi fitinging- needle tapers from a broad 
liaMi to a slender summit, which, though 
rounded at the end, is of such micro- 
soonlc fineness that it readily nenctrates, 
•nil breaks off in, tho skin. The whole 
lu^ consists of a very delicate outer ca^o 
of wood, closely applied to the inner sur- 
face of which is a layer of scmi-finid 
natter, full of inmimerabio granules of 
extreme minnteneas. This semi-fluid 
lining is protoplasm, which thus conati- 
niie» a kind of bag, full of a limpid 
liquid, and roughiy corresponding in 
fonn with the interior of the hair which 
it fills. When viewed with a sufficiently 
bi^ magnifying power, the protoplasmic 
1«W of Uiu nettle hair is seen to be in a 
eoodlllon of unceasing ncfivily. I.olkI 
MntnuMtons of the whole thickness of iis 
tabaUuiec pasa slowly and gradunlly from 
jM^nt to point, and give rise to the ap- 
pounnce of progressive waves, just as the 



bending of anccessive stalks of corn by a 

breexe produces tho apparent billows of 
a corn-field, 

Bnt. in. addition to these movomenl^, 
and independently of them, ihe granules 
are driven, in relatively rapid hliTjunf, 
throngh channels in the protuplurni Hliie.b 
seem to have ii cutisidprable, ninount of 
persistence. Most commonly, thu rur- 
ronts in adjacent pails of the protopUsni 
take similar directions ; and thus, (here 
is a general stream op ono side of the 
hiiir and down tbo other. But this does 
not prevent tho existence of partial cur- 
rents wliich take different rontos ; and 
sometimes, trains of granules may be seen 
coursing swiftly in opposite directions, 
within a twenty -thousandth of an inch of 
ono another ; while, occasionally, oppo- 
site streams come into direct collision, 
and, after a longer or shorter struggle, 
one predominates. The canso of lliese 
currents seems to Ho in contractions of 
tho protoplasm which bounds the chan- 
nels in which they tlow, but which are sa 
minute tliat tho best mieroacopes Bhoi< 
only their eCect?, and not theraselvps. 

The ppeotacle afforded by the wonder- 
ful cnctgies prisoned witbiii the couipasi 
of the microscopic hair of a plant, whiclv 
wo commonly regard as a merely passive 
organism, is not easily foi^otten by om 
who has watched its display, continued 
hour after honr, without pause or sign 
of weakening. The possible cciuplexity 
of many other organic forms, seemingly 
as simple as tho protoplasm of the netuo, 
dawns upon one ; and tho eompariaon of 
such a protoplasm to a body with an in- 
ternal circulation, which has been put 
forward by an eminent physiologist, loses 
much of its startling character. Currents 
Bimilar to those of the h^rs of tlio ncttlo 
have been observed in a great multitndo 
of very diScTtint plants, and weighty au- 
thorities have suggested that tbey proba- 
bly occur, in more or less perfection, in 
all young vegetable cells. If snth be tlvi 
case, the wonderful noonday silence of o 
tropical forest is, after all, due only to 
the dulncss of our hearing ; and could 
onr ears catch the murmur of these tiny 
maelstroms, blU they whirl in the innn- 
merablc myriads of livingcetia which con- 
stitute each tree, we should bo stunned, 
ns with the roar of a great city. 

Among tho lowci ■^Va.a'Ls, \X''^'>\\i\iiR. 
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Ltker than the exception, that contrac- 
ity should be etill iduw openly maiii- 
Fealed st Bome periods of their existence. 
The protoplasm of Algm and Fungi be- 
cotncs, under many circiimstances, par- 
tially or completely freed from its 
woody caac, and exhibits inovemcats of 
its whole mass, or is propelled by the 
aontriujtility of odo or more hair-liko 
prolongations of its body, which are 
called vibratilc cilia. And, so far aa the 
conditious of the manifestation of the 
phenomena of contractility have yet been 
atudied, Oity are tho samQ for tbe plant 
^ for the aniKsal. lleat and elertrio 
phocks influence both, and in tho same 
way, ibougli it may be in different de- 
i. It is by no means my intcntjon 
iggest that there is no difference in 
;uity bttween the lowest plant and tho 
jhest, or between plants and animals. 
Biit the difference between tlio powers 
of tho lowest plant or animal, and those 
of tho highest, is one of degree, not of 
.kind, and depends, as Milne Edwards 
lonj; ago so well poinlcd out, upon the 
ixtent to which tlio principle of the divi- 
*on of labor in carried out in the living 
economy. In the lowest organism all 
parts are competent to perfonn all func- 
tions, and one and the aamo portion of 
protoplasm may successively take on the 
function of feeding, moving, or repro- 
ducing apparatus. In the highest, on 
tho contrary, a great number of parts 
combine to perforin each function, ench 
part doing its allotted share of the work 
with great accuracy and cISciency, hut 
being useless for any otiier purpose- 
On the other hand, notwithstanding all 
the fundamental rcscniblaaeea which exist 
between tho powers of the protoplasm in 
plants and in animals, they present a 
striking difference (to whicli I shall ad- 
vert more at length presently), in tho fact 
that plants can manufacture fresh pro- 
toplasm oat of minenil compounds, 
whereas animals are obliged to procure it 
ready made, and hence, in tho long run, 
depend upon plants. Upon what condi- 
tion this diSerence in the powers of tho 
two groat divisions of the world of life 
depends, nothing is at present known. 

With such qualification us arises out 
of the last-mentioned fact, it may bo 
'y said that the acts of all living thintr" 
fundamentally one. Is any sucL uiiit^ 



pretUcable of their forms ! Let us seek 
in easily veriiied facts for a reply t 
question. If a drop of blood bo drawn 
by pricking one's finger, and viewed with 
proper precautions and under a sufficiently 
high microacopic power, there will ba 
soeu, among tho innumerable multituda 
of little, circular, discoidal bodies, o 
corpuscles, which float in it andgivcitit 
color, a comparatively small number o! 
colorless oorpusclea, of somewhat \ax^fiS 
size and very irregular shape. If tha 
drop of blood be kept at the temperatuw 
of tlic body, these colorless corpuscle* 
will bo seen to exhibit a marvelloni 
activity, cliangiiig their forms with g 
rapidity, drawing in and thnisting i 
prolongations of their substance. 



, if they n 



indepeii' 



s active II 

s activity dif' 

' 1 principle! 

of tho 1 ' 



creeping about 
dent oi^anisras. 

The subatanco which 
mass of protoplasm, ani 
fers in detail, rather than 
from tliat of the protoplasn 
tie. Under sundry circumstancea th 
corpuscle dies and hecomea distendei 
into a round mass, in tho midst of whid 
is seen a smaller spherical body, whiol 
existed, but was more or less hidden, _il 
the living corpuscle, and is called^ it 
nueltus. Corpuscles of essentially simi 
lar structure are to bo found in tho skii 
in tho lining of the mouth, 
througli tho whole framework of 
body. Nay, more ; in the earlle^ 
dition of llio human organiam, in t) 
state in which it has but just l>eComi 
distinguishable from the egg in which ft 
arisesrit is nothing but an a^regatioH 
of Bueh corpuscles, and every organ « 
the body was onco no more than such 
aggregation. 

Thus a nucleated mass of protoplao™,. 
turns out to bo what may be termed tho' 
structural unit of iho human body. A», 
a matter of tact, tho body, in iU earlieafc 
state, is a mere multiple of such unitu;: 
and, in its perfect condition, it is n mul-J 
tipto of sueu units, variously modified. 

But does the formula which cxpresMK- 
tho essential structural character of thai 
highest animal cover all the rest, as th* 
statement of its powers and facultiea cov* 
ered that of all others 1 Very ncarlr.i^ 
Beast and fowl, reptile and fish, mollosk,' 
worm, and polype, are all composed rf, 
structural units of the eame ohamr-tor, . 
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nftinel^, ntattst^s of protoplasm nith a 
nncIouB, Tliero nro sundry very low ani- 
mitlB, ctK'li of wliicli, stmctunUly, is a 
lucre colorless blood- corpuscle, leading 
an independent life. But, nt tljc very 
bottom of the animal Hcale, even this 
simpUcity becomes aimpiitieU, and hII llie 
pheootnona of life nre mnnifestcd by a 
particia of protoplamn witlioiit a tmclenB. 
Hor aro sncli organitnus iiipignificant by 
r«»aoTi of tlioirwaiit of eoniplcxity. It 
i» A fair micatiou whclUcr ibu protoplasm 
of tboK simplest forms of life, wbieh 
people an iiiuncnao extent of Ihc bottom 
of tlio sea, would not outweifjli tliat of all 
Ulo bigtior living beingx ^vhlcb inbabit tbc 
land put together. And in ancient 
tiiDO', no less than at tbe present day, 
Bucb living beings as tlicao have been llie 
greatest of rock builders. 

Wfant has been said of tbc animal world 
'» no less true of plants. 'Imbedded in 
the protoplasm at t!ic broad or attached 
ODd of tliu nettlo bair, tbere lies a spho- 
Toidid nucleus. Careful examination fur- 
ther proves that tbo whole Bubstanoe of 
tho nettle is made up of n repotition of 
lOcU masses of nucleated protoplasm, 
eacli contained in a wooden ease, which 
IK modified in form, somelimcB into a 
wocdy fibre, someliiues into a. duct or 
tpirnl vessel, sometimes into a pollen 
grain, or an ovule. Traced back to its 
uarlicst state, tbc nettle arises as the man 
does, in a particle of nncicated proto- 
pla«m. And in the lowest plants, as in 
tku lowettt animals, a single moss of such 
protoplasm nay constitute the whole 
plant, or the protoplasm may exist with- 
out a nucleus. 

Under tbe.'^e e I re um stances, it may well 
tw asked, how is one mass of non- 
nueli'uted protoplasm to be distinguished 
from another ! why call one " plant" and 
tlio other " aQitnal" t 

Tbo only reply is that, so far as form 
is eoncunted, plantx nod animals arc not 
•cpamble, and that, in many cases, it is 
a more matter of convention whether wo 
eatl n yiii-cn or^nism an animal or a 
pliint. There is a living body called 
^Ibulium seplieum, which appears upon 
liccaying vegetable substances, and, in 
MB of lis fiirma, is common upon the 
•ufacca of tan-pits. In this condition 
itia, to all intents and purposes, a fiin- 
gos, and formerly was always regarded 



as such ; but the remarkable investig^ 

tiona of Do Bary have shown that, in 
another eondition, the jEtkalium is an 
actively loeoraotive creature, and takes in 
solid matters, upon which, apparently, 
it feeds, thus exhibiting tlio most ehar- 
actcnstic feature of animality. la this a 
plant ; or is it an animal ? Is it both ; 
or is it neither ! Somo decide in favor 
of the laat suppoeition, and establish an 
intermediate kingdom, a sort of biolo' 
gical No Man's Land for all these ques- 
tionable forma. But, as it is admittedly 
impossible to draw any distinct boundary 
lino between this no man'a land and the 
vegetable world on the one Irnnd, or the 
animal on the other, it appears to me 
that this proceeding merely doubles the 
difficulty which, before, was single. 

Protoplasm, simple or nucleated, is the 
formal basis of all life. It is the clay ol 
the potter ; which, bake it and paint H 
as ho will, remains clay, separated by 
artifice, and not by nature, from tlio com- 
monest brick or sun-dried clod. 

Thus it becomes clear that all living 
powers arc cognate, and that all liviug 
forms arc fundamentally of one ehnnie- 
ter. The researches of tbo chemist have 
revealed a no less striking unifoimity of 
material composition in living matter. 

In perfect strictness, it is tmo that 
chemical investigation can tell us litllo or 
nothing, directly, cf the composition of 
living matter, inasmuch as such matter 
must needs die in the act of analysis — 
!ind upon this very obvious ground, ob- 
jections, which I confess seem to uo to 
bo somowbat frivolous, have been raised 
to the drawing of any conclusions what* 
ever respecting the composition of actu- 
ally living matter, from that of the dead 
matter of life, which alone is accossiblo 
to us. But objectors of this class do not 
seem to reflect tliat it is also, in strict- 
ness, true that we know notliing about 
tho composition of any body whatever, 
as it is. Tho statement that a crystal of 
cale-spur consists of carbcinate of lime, is 
quite true, if wc only mean that, by ap- 
propriate processes, it may be resolved 
into carbonic acid and quicklime. If 
you pass the same carbonic aeid over tho 
very quicklime thus obtained, yon will 
obtain carbonate of lliiic i^oin ; but it 
will not be calc-.spar, nor any thing like 
it. t:i;:i it, \V,M\;loTC, Vu wii. 'i^aS- 
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chemical undlysia tenches uothing about 
the chemical compoailioti of culc-spRr f 
8nch ft statement would be absiini ; bat 
it is hardly more bo than the lulk one 
occaaionatly hears about the usclrnsne^s 
of npplyinfi the rcRults of chemical Hnaly- 
to the living bodies which have yifld- 

Ono ffiet, at any rate, i^ ont of raacii 

sucli rcfini'mcnts, and lliis is, that ai\ 
forma of protoplasm which hni'c yet 
a examined contain tlie four clementR, 

■bon, hydrogen, osygen, and nilnigrn. 
in. very complex nnion, and that they be- 
Tiavc similarly toward aeveral ri'Ufjents. 
To this complex combination, lh« nalnre 
of which has never been determined with 
exactness, the name of Protein has hern 
applied. And if we use this term with 
such caution its may properly arise out of 
our comparative ii^noranco of the things 
■for which it stands, it may be truly said 
that all protoplasm is proteinnceous ; or. 
Bs -the white or albumen of nn I'gfr is 
one of the eommonost examples of a 
nearly pore proteino matter, we may siiy 
that all living matter is more or less ul- 
bominoid. 

Perhaps it would not yet be safe to day 
that all format of protoplasm arc affected 
b)' the direct action of electric shocks ; 
and yet the number of cases ia which 
the contraction of protoplasm is shown to 
fao effected by this agency increases every 
day. 

Nor can it be affirmed with perfect 
confidence that all forms of protoplasm 
are liable to undergo that peculiar coagu- 
lation at a temperature of 40''-30° ceiiii- 
grado, which has been called " heat- 
stiffening," tLougii Kahnc's beautiful 
rcBcarches have proved this ooeurreneu to 
take place in so many and suidi diverse 
living beings, that it is hardly rash to ex- 
{>cct ihit the law holds good for all. 

EuiHi^li has, perhaps, been said to 
prove l! US esistenco of a general unifor- 
mity in the character of the protoplasm, 
or iibysicnl basis, of life, in whatever 
p'oup of living beings it may iie studied. 
Bnt it will bo understood that this gen- 
eral uniformity by no means cxcludeH 
any nniount of special modifications of 
the fundamental substance. The min- 
cnil carbonate of lime assumes an im- 
mense diversity of characters, though no 
ono doubts that, under nil these prutcaii 



changes, it is one and the Eamo tiling. 

And now, wliat ia the ulliiiiHte Ulf, 
and what the origin, of the mutter of 
life! 

Is it, as some of the older naturEilisls 
supposed, diffused throughout tlio uni- 
verse in molecules, which arc industruulU 
blc and imchangcable in themselves ; but, 
in endless tritnemigration, unite in Innu- 
menible permutations, into thediversifiQd 
forms of life wo know ! Or is ihe mat- 
ter of life composed of onlinarj' matter, 
differing from it only in the nmnnor 
which its atoms arc afgregalcd ( Is it 
built up of oniinary mutter, and )i;rain 
resolved into ordinary matter when its 
work is done t 

Modem science does not hesitate ii mo- 
ment lictween these HltomBtives, Physi- 
ology writes over the portals of life — 

'■ Debemnr racrll nos noalrsiiiic," 
with a profonnder meaning thnn t]ie 
Roitian poet attached to that melancholy 
line. Under whatever dif^uisc it ti&ea 
refuge, wiiethcr fangus or ouk, wonn 
man, tbc living protoplasm not only xtlti 
mately dies and is resolved into its mill' 
ersl and lifeless constituents, but ' 
always dying, and, strange as th« par 
dox may sound, eould not live unlcaa 
died. 

Ill the wonderful story of the " Pel 
do Chagrin," the hero becomes po8BeB»e« 
of a magical wild ass' akin which yield 
him the me.ins of gratifying all hi 
wishes. But, its surface represoilts tt 
duration of the proprietor's life ; and f< 
every satisfied desire the skin shrinks in 
proportion to the intensity of fruition 
until at length life and uio Inst handi 
breadth of the peau dc chaifrin dti>i^)peaf 
with the gratification of u last wish. 

Baliiac's rtudiea had led him over 
wide range of thought and spccuUtioi 
and his shadowing forth of physiolo^c4 
truth in this strange story may have beei 
intentional. At any rate, the matter 
life is H veritable jMdK de chagrin, and foi 
every vital act it is somewhat the smallev,' 
At) work implies waste, and the work ot 
life results, directly or indirectly, lu the: 
waste of protoplasm. 

Every word uttered by a speaker 
him some physical loss ; and, in tl»: 
strictest sense, he bums that— thcr id& 
have lijjht — so much eloipiencc, so taas. 
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ot tiis bojy I'solved into carbonic acid, 
water, r,nd urea. It. is clear tbat tHia 
proctws of expenditure caanot go on for- 
ovur. Rut, happily, tlio protoplasmic 
peitu de chagrin differs from Balzac's in 
itecjipanity of being repaired, andbrougbt 
back to its full WKC, after every exertion. 

For oxnropis, tbis present lecture, what- 
KWT itK intellectual wortli to j'oii, lias a 
cerlflin pliyaical value to mc, wliich is, 
ooncuivably, exprei^sililc by the number 
of grains uf protoplasm and other bodily 
uibatnnco wasted in maintaining my vital 
processes diiring it8 delivery. My ptau 
d» chatfrin will bo distinctlv smaller at 
the end of the discourse than it was at 
the tieginning. By and hy. I shall pro- 
bahly hnvo recourse to the substance com- 
monly called mutton, for the purpose of 
«tretuUi(i^ it back to ita orip^inal size. 
Now tilts mntton was once the livinir pro- 
loplaain, tnuroorle-ss modltied, of another 
■Dimal — a sheep. Aa I shall cat it, it is 
the aaiiic matter altered, not only by 
death, Itnt by exposure to sundry arti- 
fiola) uptirations in llio process of cook- 
ing. 

But these changes, whatever bo their 
extent, have not rendered it incompetent 
li> nsmnc its old functions as matter of 
Kfe. A singular inward laboratory, 
frUoh I possess, will disBolve ,i certain 
portion nf the modilied protoplasm ; the 
•olulion so formed will pass into ray 
reiDB : and the subtle intluenees towhich 
it will tlien Le subjected will convert the 
dead protoplasm into livinjj protoplasm, 
and transubstantiate sheep into man. 

Nor is this all. If digestion wore a 
thing to bo trilled with, I might sup upon 
bbstcr. and Iho maUcr of life of the 
cmsiaecnn would undergo llie pame won- 
derful iiietainorphosia "into hnmanity. 
And were I to return to my own place by 
•oa. and nndergo Bhipwreeb, the Crustacea 
might, and probably would, return the 
eoihpliment, and demonstrate onr com- 
mon nature by turning my protoplasm 
into living blister. Or. if nothing belter 
ware to bo had, I might supply my wants 
with mere liread, and I should find the 
protoplaam of the wheat-plant to be con- 
nmiblo into man, with no mnre trouble 
than that of the sheep, and with far less, 
I bony, than tliat of the lohsti r. 

Hence it appears to le a nii.lii r nf no 
great iDiiment what uninia), or \\\.i,\. \.\;i\\%, 



I lay under contribution for protoplasm, 

and the fact speaks volumes for the gen- 
(iral identity of that snhstanee in all liv- 
ing beings. I share tbis catholicity of 
assimilation with other animals, all of 
which, ao far as wo know, could thrive 
equally well on the protoplasm of any of 
their fellows, or of any plant : but here 
tho assimilative powers of the animal 
world cease, A solution of smelling-ealt« 
in water, with an iniinitesimal proportion 
of some other saline matters, contains all 
tho elementary bodies whith enler into 
tho composition of protoplasm ; but. ::% 
I need hardly say, a hogshead of that 
fluid would not keep a hungry man from 
starving, nor would it save any animal 
whatever from a like fate. An animal 
cannot make protoplasm, hnt must lake 
it ready-made from some other animal, 
or some plant — the animal's highest feat 
of conatnictivc chemistry being to convert 
dead protoplasm into that living matter 
of life which is appropriate to itself. 

Therefore, in seeking for the origin 
of protoplasm, we must eventually turn 
to tho vegetable world. Tho fluid con- 
taining carbonic acid, water, and ammo- 
nia, which oScrs such a Barmecide feast 
to the animal, is a table richly spread to 
multitudes of plants ; and, with a duo 
supply of only such materials, many a 
plant will not only maintain itself in 
vigor, but grow and multiply untihit has 
increased a million-fold, oraniillion mill> 
ion- fold, tho quantity of protoplasm 
which it originally possessed ; in this 
way building up tho matter of life, to an 
indcfinito extent, from the common mat- 
tor of the universe. 

Thns, tho animal can only raise tho 
comple): substance of dead protoplasm to 
the higher power, aa one may say, of liv- 
ing protoplasm ; while the plant can 
raise tho less complex Bubstances — car- 
bonic acid, water, and ammonia— to the 
BJime atage of living protoplasm, if no| 
to tho same level. But the plant also 
has its limitations. Some of the fungi, 
for example, appear to need higher com- 
pounds to start with ; and no knows 
plant can live upon the uncompounded 
elements of protoplasm. A plant sup- 
plied with pure carbon, hydrogen, oxy- 
gen, and nitrogen, phosphorus, snlpbnr, 
and tho like, would as infalhbly die as 
tho animal in his bath of ^qv^Vmi^-^^S-si - 
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louijh it would bo surrounded by all tlio 
lonstitiients of prntt^plaam. Nor, indeed, 
leed the process of simplilicalion of vogo- 
iblo food lio carried bo far as this, in 
■dor to arrive at the limit of tbo plant's 
thaumaturgy. Let water, carbonic acid, 
and all tbo otbcr needful constituents lie 
■upplied wjtii arniiioniH, find un ordinary 
plant will otill be unable to nianiifa>''.turo 
protoplasm. 

Thus Ihc matter of life, so far as we 
know it (and we liava no rigbt to spccu- 
'ate on any otlicr), breaks up, in consc- 
juenee of Uiat continual death wLicb is 
condition of its manifesting vitality, 
ito carbonic acid, water, and ammonia, 
rhich certainly postiess no properties but 
those of ordinury matter. And out of 
these same fonns iif ordinary matter, and 
from none ivliich arc simpler, the vcga- 
titble world builds up all tbo protoplasm 
irliich keeps the animal world n-goiiig. 
Plants are tbo aecumnlators of the power 
wliich animals distribute and disperse. 

But it will bo observed, that the cxist- 
fiaco of the matter of life depends on the 
,jpro-exi.stciico of ccrfailu compounds ; 
~ imely, carbonic acid, water, and ain- 
ouia. Withdraw any one of these 
mroc from the world, and lill vital pho- 
nomEha come to an end. Tbey are re- 
lated to the protoplasm of tliQ plant, as 
the protoplasm of the plant is to that of 
tlie ariimbl. Carbon, fiydroifcn, oxygen, 
and nitrogen are all lifeless bodies. Of 
these, carbon and oxygon unite, in cer- 
tain proportions and under certain con- 
ditions, to give rise to carbonic acid ; 
ludrngen and oxygen produce water ; 
nitro;ron and hydrogen give rise to ora- 
munia. Those now compounds, lilio the 
clemontary bodies of which tbey are com- 

Eoscd, are lifeless. But when they aro 
rouglit together, under certain condi- 
tions tliey give riselo the still more com- 
plex body, protoplasm, and this proto- 
plasm exhibits the phenomena of life. 

I seo no break in this scries of steps in 
molecular complication, and I am unable 
to understand why tlio language which is 
ftpplicablo to any ono term of the series 
may not be used to any of the others. 
Wo think fit to call difiercnt kinds of 
matter carbon, oxygen, hydrogen, and 
nitrogen, and to speak of the various 
powers and activities of these siibstancoa 
as the properties of the matter of which 



they aro composed. 

When hydrogen and osvgfnaro mixed 
in a cerUin proportion, and «n clcctrle 
Bpark is passed through them, tliey din- 
appear, and a quantity of water, equal in 
weight to the sum of their weigiitu, ap- 
pears in tlieir place. There is not tliB 
slightest parity betv^een the passive an< 
active powers of the water and those o 
the oxygen and hydroeen which hav 
^ivon rise to it. At 33° Fabmnheit, an 
far below that temperature, oxygen an< 
hydrogen arc elastic gaseous bodies 
whose particles tend to rush away fron 
one another with great force. Water 
at the same temperature, ia a iit 
though brittle solid, whoso particles 
to cohere into definite gcomclrieal tin _ 
and sometimes build up frosty imilalior 
of the most complex forms of v^^tah! 
foliage. 

Nevertheless we cnii these, and man 
other strange phenomena, the propertii 
of the water, and we do not hesitate t 
believe tliat, in some way or another. 
thoy result from the properties of th 
component elements of the water. Wi 
do not assume that a something 
" aqiiosity" entered into and took 
session of tiie oxide of hydrogen aa sooi 
as it was formed, and then gnided tb 
atgucous particles to their places in thi 
facets of the crystal, or among the leaflet 
of the hoar-frost. On the contrary, wi 
live in tho hope and in the faith that, bi 
the nd van CO of molecular phy si en, we aha] 
by and by be able to sec our way s 
clearly from tbo constituents of water U 
tlie properties of water, as we arc non 
able to deduce the operations of a. watol 
from the form of its parts and the manno 
in which they are put together. 

Is the case in any way changed whei 
carbonic acid, water, and ammonia 
appear, and in their place, under thi 
fiuencu of pre-existing living protoplasm 
an equivalent weight of tho matter of life 
makes Us appearance ! 

It is true that there is no sort of parity 
between the properties of the componenti 
and tho properties of the resultant, bn 
neither was there in the case of tbi 
water. It is also true that what I hftvi 
spoken of as tho infincnceof pre-cxistinc 
living matter is something quite omntet 
ligible ; but does anybody quite compre 
liend tho modui operandi of a 
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Kpitrk, whieli traversoM a mixture of osy- 
gon nnd hydrogen ? 

Whst juatifi cation is there, then, for 
tho nasumption of the esiatenco in tlio liv- 
ing matter of a somethinjr which has no 
rC[iruBcnt«tive, or correlatiTe, in the not 
Liring luatter which gnve rise to it! 
What hettcr philosophical atatiia has 
" vitality" than " aquosity" ! Andwhv 
elioul'l " vitality" hope for a Letter fate 
than Iho other " itys" which have disap- 
poarcd since JIartinus Scriblerus accoiint- 
«d for the operation of the moat-jaek by 
its inherent "meat-roasting qnality," 
and ecorned the *' niatcrialism" of tho»o 
who explained the turning of the spit by 
k certain mechanism worked by the 
draught of the cliiriiney 1 

If Bvientifiu language ig to possens a 
d«finito und constant signification when- 
I ovet it is employed, it seems to me that 
I Wft are logically bound to apply to the 
pmtoplaain, or physical basis of life, the 
Mine conceptions aa those which are held 
to I>0 legittmate elsewhere. If the pho- 
nomena exhibited by water are its proper- 
tics, so arc those prccntt-d by protoplasm, 
'_ living or dead, its properiicB. 

If tlie properties of water may be pro- 

I pcrly said to result from the nature and 

uiiposition of its component molecules, I 

I cnn rttid no intelligible gmund for ref us- 

I ing to aay that the properties of pro- 

toplaain result from the nature and dis- 

{■osition of its molecules. 

Bnt I bid you beware that, in acccpt- 
ing tbc»e conchiBions, you :irc placing 
your feet on the first rung of a ladder 
vhich, in most people's estimation, is tho 
ntvcrsc of Jacob's, and leads to the anti- 
P»d4rs of heaven. It may ncem n small 
thing to admit that tlie dull vital actions 
of 11 fungus or a forsminifer are the 
properties uf their protoplasm, and aro 
llie direct results of tho nature of tho 
msttttr of which they are composed. But 
H, as I have endeavored to prove to you, 
Uicir protoplasm is CHFcnlially identical 
»ith, and most leadily converted into, 
UiAl of any animal, I can discover no 
logienl lialting-placu between the admis- 
•ioD that such is tho case, and the further 
CODceMion that all vital action may, with 
equnl propriety. I'e said to bo the result 
■ tbe miiltcubir forces of the protoplasm 



extent, that tho tlioughts to which I am 
now giving utterance, and your thougtta 
regarding them, are tho expremon of 
molecular changes in that matter of lifo 
which is tho sour"" "' "■" ■-'ti'iw t.itoi 



ir other viuJ 



which dii^plays it. 
Inio, in the same 



sense and to the same 



Fast experience leads me to bo tol'jrably 
certain that, when the proposition* I have 
just placed before you are accessible to 

Eubiic comment and criticism, they will 
o condemued by many zealous persons, 
and perhaps by some few of the wise and 
thoughtful, 1 should not wonder if 
" gross and brutal materialism" were the 
mildest phrase applied to them in certidn 
quarters. And, most undoubtedly, tho 
terms of the proposiiions arc distinctly 
inatcrialislic. Nevertheless two things 
are certain : the one, that I hold the 
statements to he Bubslanlially true ; tho 
other, that I, individually, am no mate- 
rialist, but, on the contrary, believe ma- 
terialism to involve grave philosophical 

This union of materialistic terminology 
with the repudiation of materialistic phi- 
losophy I share with fiomo of the most 
thoughtful men with whom I am ac- 
quainted. And, when I Hrst undertook 
to deliver the present discourse, it ap- 
pcarefl to mo to be a filling opportunity 
to explain how such a union in not only 
consistent with, but neeessitntcd by, 
sound logic. I purposed to lead } ou 
through the territory of vital phenomena 
to the materialistic slough in which yoo 
find yourselves now plunged, and then to 
point out to you the sole path by which, 
in my judgment, cxtricaliun is possible. 

An occurrence of which I was unawaro 
until my arrival here last nigtit render* 
this line of argnment singularly oppor- 
tune. I found in your papera the elo- 
quent address " On the Limits of Fhilo- 
Bophieal Inqniry, " which a diatinguiiilied 
prelate of the English Church delivered 
before the members of tho Philosophical 
Institution on the previous day. My 
argument, also, turns upon this very point 
of the iimits of philosophical inquiry ; 
and I eimnot bring out my own views 
better than by contrasting them wilh those 
so plainly and, in the main, fairly stated 
by tho Archbishop of York. 

But I may be permitted to make a 
preliminary comment u^on & 
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that grcfttly aatonished me. Applying 
tho namo of llic " New Philosopby" ti> 
tliut estimate of liio limits of pliiloso- 
pfiicJil iii'jiiiry which I, in eoniiHou with 
many other men of acienoo, hold to be 
just, llic archbishop opens liis address by 
identifying this" New Philosophy" with 
the Positive Pliilosopliy of M. Comto (of 
whom he spcakaasits "founder") ; and 
then iimeeeds to attack that philosopher 
«nd bis doctcinea vifjoroiisly. 

Now, to far as I 8tn concorned, the 
Itemt reverend prelate might diulectically 
'Sew M. Comtc in pieces, as a modern 
Agog, and I should not attempt to stay 
his hand. In so far as my study of what 
specially characterizes tho Positive Philo- 
sopby liatt led me, I find therein little or 
nolliing of any sciontilic value, and a 
great deal whicli is as thoroughly antago- 
nistic to tho very essence of science as 
anything in ultramontane Catholicism. 
In fact, M. Comte's philosophy in prac- 
Uco might be compendiously described as 
CatlioliciBm minus Christianity. 

But what has Comtism to do with tho 
"Now Philosophy," as the arcbbiahop 
defines it in the following passage S 

" liBt me brleflj remind you of llic leading 
priilriples of iliis new pliilosophy. 

" All kuowledga is osperieuee of facts 
acquired by Iha seuses. The traditions of 
alder philosophies have obscureil our expe- 
rience bymixinif wilhitmuch thai thesen^es 
cannnt observe, and until Ihesa additions iire 
discarded our knowledge Is impure. Thus 
metaplifsies tell us that one fact whicli wo 
oliaerve is a cause, and another is llie eflcet 
of that causa -, but, upon a rigid snalysis, wu 
find that our HtfnsesotwervQ nolbing of cause 
or effect : they observe, tirst, tliat one fact 
BUcceeds ana ther.aud, after siinicoppnrlanily, 
Ihal-this fact has never faded to foHow— 
that for cause and eSeet we should eulisli- 
tnte inrarlahlu suceesaion. An oliier pliilos- 

3;»hy leaches us tii define an object by dis- 
nguisiiiug lis csseatlul frnm its aecidcntal 
qualilies ; but experience kuiiwa unthing oE 
esacDiial and accidenUI ; she sees only that 
cetltun marks attach li> nn objecl. imrl, after 
many observatious, tliat samo of them atlitch 
Invariably, wliilu nlliers may at limes be ab- 
sent. ... As alt knowledge is relaiive, the 
notion of anythin;; bein^ neeessaty must be 
biuiislicd with other traditions." * 

There is mnch here that expresses tho 
■ Apirit of the " Now Philosophy," if by 
I that term be meant the spirit of modern 

• "The Limits of Philosophical Inquiry," 
pp. 4 and 5. 



science ; bnt I cannot but marvel th 
the assembled wisdom and lenrning ' 
Edinburgh should have uttered no eig.i 
of dissent, when Comte was declared in 
be the founder of these doctrines. S-t 
one will accuse Scotchmen of linbitualiy 
foigetting their great countrymen ! but 
it was enough to make David Uame Auil 
in his grave, that here, almost within ear- 
shot of his house, an instructed andicT>CU' 
should have listened, without a miirmtir, 
while his most chariieterislic doctrines 
were attributed to a French writer of 
fifty years later date, in whoso dreary ami 
verbose pages we miss alike the »igor of 
thought and tho exquisite cicamcsa of 
style of tho man whom I make bold t& 
term the most acute thinker of the 
eighteenth century — even though that: 
century produced Kant, 

But I did not eomc to Scotland to vin- 
dicate tho honor of one of the greatest 
men she has over produced. My bn*I- 
nesH is to point out to you that tho only 
way of escape out of the. crass inatedaf- 
ism in which wo just now landed, is tho 
adoption and strict working-out pf tho 
very principles which tho archbisliop 
holds up to reprobation. 

Let us suppose that knowledge is abso- 
lute, and not relative, and therefore, that 
our conception of nialter represents tliat 
which it really i». Let us suppose, fnr- 
Iher, thnt wc do know more of eautio and 
effect than a certain definite order of sac- 
cession among facts, and that wo havo n 
knowledge of tho necessity of that stio- 
cession — and bcnco, of necessary laws — '^ 
and I, for my part, do not see what eiw 
capo there is from utter materialism nlldl 
necessarianism. For it is obvious llia* 
our knowledge of what wc call iho nia~ 
terial world is, to begin with, at least ml 
certain and definite, us that of tho ppiiit-t 
ual world, and that our acquninlancu 
with law ia of as old a date as our knowl- 
edgo of spontaneity. Further, I take it 
to be demonstrable that it i.i utterly im- 
possible to prove that anything whatcvt* 
may not be the effect of a material atiit 
necessary cause, and that human logic t^ 
equally incompetent to prove that any act 
ia really spontaneous. A really spontaiio' 
ous act is one which, by tho assumption,' 
has no aauso ; and the attempt to provo 
such a negative as this is, on the face of 
the m:itter, absurd. And while it is (."ina 
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Jhilosnpbical iinpowibility to domon. 
stmte lliat, uny given pbonomenon js not 
tho cffirut nf n iiitituria] cause, iiny one 
who m «ci|iiaintcd with the liislopy of 
Bcieuno will ailmlt, tltat iU progrtsa Irns, 
in all jif^N, ini-ant, and now, moro than 
ecer, lueiiris, lio extension of tlio prov- 
ince of wliat wo (lall matter and mus.1- 
tioB. «nd tho concomitant gradnal ban- 
ulnnent from nil regions of liuman 
tlion^ht of wliat wc call spirit and spon- 
iBacity. 

I have endeavored, in the first part of 
this diseonrsp, to give you a conception 
of tlio direction toward which modern 
pfiysiolofiy is tending; and I ask you, 
•hot ia the differenee between tho cou- 
«ptiun of life as the product of aceitain 
oi^oeition of material molecules, and 
the «Id notion of an Arehujua governing 
rni^ directing Ijlin.l matter Tvjthin caeh 
living body, except this— that here, as 
(ImwIkto. mailer and law have devoured 
spirit and sponlantity 1 And as surely 
■9 every fuluio grows out of past and 

fircscnt, so will tho physiology of tho 
uttiru gnulually extend tho realm of mat- 
ter and law niilil it is co-cxtcnaivo with 
knowledge, with feeling, and with netion, 
Tlio coBscioiiBneBs of this great trnth 
wo^lis like a nightn.arc, I Iielicvc, upon 
many oi the best minda of these days. 
They watch what llicy conceive to be tho 
progress of materialism, in such fear and 
powerless anger as n savage feels, when, 
dnring an edipMe, vlio great shadow erccpa 
«i»cr the face of llio sun. The advancing 
Udo of niallcr threatens to drowa their 
Mois ; the lightening grasp of (are im- 
wdea their freedom ; they arc alarmed 
lett laan'j moral natnTc be debased by tlie 
iuenMu of Ilia wisdom. 

If tI)o " Now Philosophy"' bo wortliy 
of the reprobation with wliich it is visit- 
ed, I eonfcss their fearssccmtonie to bo 
well foamled. Wliite, on the contrary, 
wjuld David Hume bo eonsulted, I think 
l>o^ would smile at their perplexities, and 
ehiic them for doing even as the heathen, 
aitd falling down in terror before tho 
liidoona idols their own ha ads have 

For, after all, what do wo know of 
ibi« terrible " matter," except as a name 
for Ihi nnknown and hypothetical eauso 
of rtatcs ■'£ onr own consciousness ! 
And what do we know of that " spirit " 



over whose threatened extinction by mat. 
tcr a great lamentation is arising, like 
that which was heard at iho death of Pan, 
except that it is also a name for an un- 
known and hypothetical eauso, or oondi- 
tiOH, of states of eonsciousness ! In 
other words, matter and spirit aro but 
names for the imaginary substrata of 
groups of natural phenomena. 

And what is the diro necessity and 
"iron" law under which men groan I 
Truly, most gratuitouslv invented hng- 
beara. I sopposo if there be an " iron" 
law, it is that of gravitation ; and if 
there be n physical necessity, it is that a 
stone, unsupporled, must fall to tho 
ground. But what is all wo really k-now, 
and can know, about tho latter pheno- 
lucnon f Simply, that, in all human ex- 
perience, stones have fallen to the ground 
imder these conditions ; ihntwe have not 
the smaiiest reason for U'lleving that any 
stuno so circumstanced will not fall to 
the ground ; and that wo have, on the 
contrary, every reason to believe that it 
will so fall, it is very convenient to in- 
dicate that all the conditions of belief 
nave been fulfilled in tliis case, by call- 
ing tho statement that unsupported stones 
will fall to the ground " a law of na- 
ture. " But when, as commonly hap- 
pens, we change will into tnanl, wo in- 
troduce an idea of necessity which most 
assuredly docs not lie in tho observed 
facts, and hns no warranty that I can 
discover elsewhere. For my part, I 
uilciiy repudiate and anathematize tho 
iulrnder. Fact 1 know; and law I 
know ; but ivhat is this necessity, sjivo 
an empty shadow of my own mind's 
throwiug 1 

But, if it la certain that wo can have 
no knowledge of the nature of either 
matter or spirit, and that the notion 
of necessity is something illegitimately 
thrust into tho perfectly legitimite con. 
coplionof law, tho materialistie position 
that there ia nothing in tho world but 
matter, force, and necessity, is as utterly 
devoid of justification as tho most base- 
less of theological dogmas. The funda- 
mental doctrines of raatorialisni, liko those 
of spiritualism, and jiiost other " isms," 
Im outside " tho limits of j.hilosopliical 
mquirj-,"and David U-jaic'= jjreat ser- 
vice to humanity is his irrefragable de- 
raonatrallon of what these lii.iiU are. 
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ne called himself a sceptic, andthero- 
I foro others cunnot be blamed if they 
1 apply tlio same title to Lim ; Iiut that 
' 1 not alter the fact that the name, 
L its eKisting imjilicatioiis, dcms htm 
' gross injustice. 

If a man asks me what the politics of 

the inhabitants of the moon arc, and I 

rcplj' thut I do not know ; that neither 

I, njr any one else, have any means of 

wing ; and that, under ihcao circum- 

I Btanecs, I decline to trouble myself about 

subject at all, I do not tliink he has 

I any right to call ma a sceptic. On the 

ft contrary, in replying thua, 1 conceive that 

fl aiu siiaply honest and truthful, and 

show a proper regard for the economy of 

I time. So Humo a strong and subtle in- 

I telle ct takes up a great many problems 

[ about which we are naturally curious, and 

shows us that they arc csaontially ijucs- 

I tions of lun.ir polllics, in tlicir essence 

I incapaiilc of being answered, and thcre- 

f fore not worth iho atlcntion of men who 

I have work to do in the woe Id. And he 

[ thus ends one of Ins essays : 

If wo lake in hand any Toliimo of di- 
l viully, or acliool mcUjihysLcs, for inslance. 
let na ask, Does it cunUiin any nlistract 
rciieuDln^ concerniug quantity or number? 
So. Does it conl^n any experimental 
reoBoniiij; concerning multiir of fuel and a\- 
ietunccr No. Commit illheato tlieflames ; 
for it eaa euatain uuthing but sgphiatry and 

Permit mo to enforce this most wiso 

advice. "Why trouble ourselves about 

matters of whieh, however important they 

may bo, we do know nothing, and can 

know nothing! Wc live in a world 

fwhieh ia full of misery and ignorance, 

and the plain duty of each and all of us 

ia to try to make the little corner he can 

influence somewhat less miserable and 

somewhat less ignorant than it was before 

I ho entered it. To do this efEeetually it 

I is necessary to be fully possessed of only 

two beliefs ; the first, that the order of 

nature is ascertainable by our faculties to 

n extent which ia practically unlimited ; 

le Epcond, that our volition counts for 

smeihing as a condition of the course of 

* numu'M ussny " Of the Ar^dcmicnl or 
Sceplicai Pliilosuphy." in liie " Inquiry con- 
ceining llie Human Undurstanding. " 



Each of these beliefs can be verifiv 
cKpcri mentally, as often as we like t 
try. Each, therefore, stands upon ib 
strongest foundation upon which any b^ 
lief can rest, and forms one of our highe 
tniths. If we find that the ascertainiaei 
of the order of nature is facilitated 1 
using one terminology, or one set of syn 
iiols, rather than another, it is 
duty to use the former ; and 
can accrue, so long as wo bear in m! 
that we are dealing merely with terms a 
symbols. 

In itself it is of little moment whetbi 
we express the phenomena of matter i 
terms of apirit ; or iho phenomena t 
spirit, in terms of matter : matter ma 
be regarded as a form of though 
thought may he regarded as a, proper! 
of matter — each statement has a certs' 
relative trutli. But with a view to t 
progress of tciencc, the materialistic ti 
minology ia in every way to be prefer 
For it connects thouu;ht with the otlii 
phenomena of the universe, and suggGS 
inquiry into the nature of ihoKe physic 
conditiona, or concomitants of tliougl) 
wliich arc more or less accessible to i 
and a knowledge of which may, in i 
ture, help us to exercise the aamo kii 
of control over the world of thought i 
wo already jiossess in respect of the mat 
rial world ; whereas, the alternative, t 
spiritualistic, terminology ia utterly ba 
ren, and leads to nothing but obacuril 
and confusion of ideas. 

Thus tbpre can belittle doubt, that tl 
further science advances, the mc 
sively and consistently will sll the phi 
nomena of nature be represented by mi 
terialistio formuhe and symbols. 

But the man of science, who, forge 
ting the limits of philosophical inquiry 
slides from these fomiulie and symbo 
into what is commonly understood li^ 
materialism, seems to me to place himsw iT 
on n level with the mathematician, wW'^ 
shonid mistake the x'.sandy's with whicll ' 
ho works his problems, for real entilicB 
— and with this further disadvantage, as 
compared with the mathematician, that 
the hlundera of the latter are of no prac- j 
tical consequence, while the errors of J 
systematic mRtcrialism may paralyze tbs '1 
energies and destroy the beauty of a life.' f 
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SCIENTIFIC ASPECTS OF 
POSITIVISM." 
It la now some eixtocn or seventeen 
yeNrs since I became acquainted with the 
" PliiloBopUie Positive." the " Discoure 
Mir I'EnaeinWo du Poailivisiue," and the 
" Politique I'ositive" of Aiigiiate Comte. 
I vfna led to study these works partly by 
Iha allunions to tliom in Mr. Mill's 
" Lope," partly by the recommendation 
of n di«liny;iiiKhe<i theologian, and partly 
by tlio ni^cney of a valued friend, tlio 
tate Professor flenfrey, who looked upon 
ST. Coijitn's bulky volumes as a mine of 
wiBdum, iind lent tlieni to me that I 
raieht dig Hiid he rieh. After due peru- 
Bil, I found myself m a position lo echo 
my friend's words, though 1 mHy have 
laid more stress on the " mine" than on 
the " wisdom." For I found Ihe veins 
of ore fow and far between, and the rock 
M apt to Ttm to mud, that one incurred 
tlie Hale of being intelleetUHlly smotheied 
in the working. Still, as I was glad to 
aelt now ledge, I did come to a nugget 
iipio aiid there ; though not, so far as 
luy nperience wcnl, in Ihe diseusBions 
on llie philosophy of llic pL)>ical aci. 
«iineK, hut ill the ehsplois on fpeculalive 
ud ]ir»clical sociology. In ihesc there 
WB« indeed much lo aroufe llie liveliest 
hiti^rcat in ono wlmse hi ut had broken 
Bwny fioni the old nuoiiirgi', and who 



the shattered frame of modem society. 

In those Aiya I knew my "■ Fi\ust" 
pretty well, and, after reading this word 
of might, I was minded lo elmnt iho well. 
known stanzas of the " Geistsrchor" — 
" Willi I Web ! 

Die Bclifluo Well, 

8ie stilrzt, sie zctfSIlt : 

Wir tragon 

Die TrtiiamerD fu3 Nlchls liinQber. 

MSchiiijer 

Der ErdcnsOhne, 

PtScli tiger 

Ehuc sio wicder ; 

In deluem Buseo bauesie auf." 

Great, however, was my pcrplesity, not 
to say disappointment, as I follovced the 
progress of this " ndghty son of earth" 
iu his work of reconstruction. Undooht- 
edly " Dieu'' disappeared, hut the 
" Kouveau Grand-Etre Supreme," a 
gigantic fetish, turned oat brand- ne.tv by 
M. Comte's own hands, reigned in bis 
stead. " Roi". also was not lieard of; 
but, in his place, I found a minutcly- 
dclincd social organization, which, if il 
ever came into practiae, would eseit a 
despotic authority such as no sultan has 
rivalled, and no Puritan presbytery, in 
its palmiest days, could hope to excel. 
While as for the " culte systematiqne do 
i'Humanite," I, in my blindness, eould 



1 hcei 



iiont " lo l»y out 'an anchor "o* distinguUh it from sheer popeiy. 



by llio bttiu" until dayliglit should hrfak 
and the fog clear. Clothing could bo 
luoto luteresling lo a student of biology 
than tu see the study of the biological 
I laid down as an essential part 



aodal plicnoiiicna. Nothing could be 
motv eatiiifMctiiiv to a worshijper of the 
•event trnthfulnesa of seienee ilian the 
■Uerapt to dispense with nil helicfa, 
Mvit Huch as could bravo the light, 
ani! sock, rather than fear, criticism ; 
vliile, to & lover of cnuracc and out- 
apukeonrss, nothing could he more touch- 
ing than the plai-id announcement on the 
litlv-pag" of the " Discomse si*r rEuscm- 
[■k dil i'ositivisrae," that iln author pro- 
jitMed 

■ A rei'ly to Mr. Cnnjreve'a nllack upon 
till- jirwerting papiT. PiiWiahcd '- " 
fMnigfUlg lUvicie, 1300. 



M. Comte in the chair of St. Pel 
aiid the names of most of the saints 
clianged. To quote " Faust" again, I 
fuund myself saying with Gretehen, — 

" Ungefalir sagt dus der Pfarrer uiich, 

Nnr oiit i:in biscben andern Woitco." 
Rightly or wrongly, this was the im- 
pression which, all those years ago, the 
study of M. Comte's works left on my 
mind, combined with the conviction, 
which I shall always be thankful to him 
for awakening in me, that the organiza- 
tion of society upon & new and purely- 
scientific basis is not only practicable, 
but is the only political object much 
worth fighting for. 

As i have said, that part of M. Comte's 
writings which deals with the philosophy 
^^ of physical science appeared to me to 
itm possess singularly little value, and to 
show that ho had but the most superfi- 
cial, and merely Wittrai-Via.iv\,V&o'«\fti^ 
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i most branobda of wliat is nsnally under- 
btooil hy science. I do not ttiean by 
" 'a inL'ioly to any ihiit Coiiitc wns liciiiml 
■ prosent knowlfdgu. or tlint lie was 
macqi lain tod witb tiie details of the Rci- 
fnce of hia own day. No one could 
Jastly Tiiuko such defects cause of coni- 
ptfliiit ill It piiilojopliical writer of the 
pust tTL-'ieiiititni. WImt struck luc wiia 
Ilia wiiiit of iipprehddsion of the great 
Mturt's of siriisncQ ; his strange iiiistukL-s 
A to the iiiarita nE liU scientific contera- 
; and Iih ludicrously erroneous 
potioiiH ubout tlic purt which some of the 
teientific doctrines ciirrciit in his time 
destined to pluy ia the future. 
Vith lliese improssious in my mind, no 
vill be Biirpriacd if I ar^knowledgo 
tliat, for these sixteen ycara, it bus been 
n poriodicHl source of irritation to mo lo 
find M. Cointe put forward as a rupro- 
Bentatire of seicntilic thought ; and to 
observe that vriters whose pliilosophy 
had its legitimate parent in Hume, or in 
tbeinscWcs, were labelled " Comtists" or 
* PositiTJsts" by public -writers, even in 
ipite of vehement prute^ta to the con- 
L tlary. It baa cost Mr. Mill hard rub- 
bings to get ibut label off ; and I watch 
Mr. Spencer, as ono regards a good man 
struggling with adversity, still engaged in 
eluding its ndhcsiveness, and ready to 
tear away skin and all, rather tban let it 
■tick. My own turn might come next ; 
^iind therefore, when an eminent ptelale 
" the other day gavo currency and au- 
thority to the popular confusion, I took 
an opportunity of incidentally revindicat- 
ing ilnmc's property in the eo-cailed 
"New Philosophy," and, at the same 
I time, of repudiating Comtism on my own 
ffbehalf.* 

• I nm glad to observe that Mr. Coiigreve, 
Is the criticism Willi which be hns favored 
roe io the numbur ot the Fortnightly Reviea 
for April, ISOU. does not venture loclinllenge 
Ihe justice of the cbilm I made Tor Hume. 
He uiernly suggests llial I have been wanting 
tn en nil or in nut mentioning Comte's liigb 
opinion of llume. After mature reflBCliun, 1 
am unable to discern my fault. If I Imd sug- 
gested lliat Comle had borrowed from Hume 
wlth^at acknowledgment; or If, instead of 
irymg to express mytma sense of Hume's 
merits willi the modesty which becnines a 
writer who has no aulhoriiy in mailers of 
philosophy, Ilind aflirmed Hint no one bad 
properly appreciuted bite, Mr. CongteVB'a 
remarks would apply : Imt ns 1 did ueittiei 
of these lliings, iliiy appeal' "o me lo be irrol 



The few lines devoted to Comtjsm 
my paper on the " Physical Basis 



n intention, striclly limit 
I purposes. But they 



Life" 

to these t' _ ^ 

ihHn 1 ia 
tended tbey sliould, to tho foUuwcfs o 
M. Cumtc in this country, for some o 
whom, let me observe in jiassing, 1 cnteC 
tain u most unfeigned re»|iect ; Hod Ml 
Congrevc'a recent article gives cxpresMOl 
to the displeaanre which I bavo cxcitft 
among the members of the Coiutia 

Mr. Congrcve, in a peroration wWol 
seems especially intended to catch t]| 
attention of his readers, indignantly ehfll 
lenges luc lo admire M. Cunito's life 
" lo deny that it has a marked charactn 
of grandeur about it ;" andhe useseou 
very strong language because I show i 
sign of veneration for liis idol. 1 confes 
I do not care to occupy inysi 
denigration of a man who, on the whole 
deserves to he spoken of with ii 
Therefore, I wbuU enter into no stateiiieQ 
of the reasons which lead me unhceitftn, 
tingly to accept Mr. Congreve's chaW 
longe, and to refuse lo recognize anything 
which deserves t!ie name of grandsur m 
character in M, Comte, unless it be hu| 
arrogance, which is undoubtedly sablimOa 
All I have to observe is, that if Mr. Co*. 
grevo ia justified in saving that I apea 
with a tinge of contempt for his spiritn 
father, tiie ro;ison for ^ch coloring of lU 



cviinl. if nut unjusiiltaliTe. And eveoliad _ 
occurred to me to qunlu M. Comtu'a expn;*-'' 
siims about Hume, I do not know l^t I 
should have cited Ibero, iunamuob as, on til9 
own showing, M. Cuinlo occiislonally speaki 
very Jecidedly touching writiTS ol WboMi 
works bbhasnot reads line. Thus, in Tome 
VI. of the ■' PliilOBophie PoaUive." p. 61ft, 
M. Cnmte wriiea: "Le plus grand d( 
metapliysiciena mndcniea, I'illuslre Kant, 
noblementmei'Ueune £leniellendmlnit1one__ 
tenlant, le prcmiKr, d'£cbap|»cr direclemimtft 
I'abaolu philusophique par ?a cnlSbre concep- 
tion de la double rfialilB, a la fnisobjectlvu t* 
Bubjectlvt^, qui iudiqiio un si juste senliment. 
de 111 salne philnsopliie. " 

But in the " Prefaee Peraonnelle" i 
same volume, p. 35, M. Comte lells us 
n'ai jamais lu, en aucnnu langue. nl Vie", ni 
Kant, ni Herder, ui Hegel, etc. ; je ne con- 
nuia Icurs divCTs ouvrages que d'apr^s quel- 
qiuis relations indirectea et cerlains extralta 
fort inanfilsaDta." 

WhokniiwsbutthHt lbs "etc." may in- 
clude Hume ? And in Ihat case, what is the 
TalueofJU. Comte's praist: of him? 
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knffQ^vc is to be found in the fact tbat, 
vbea I wrote, I tmd but just arisen from 
tl»t>criiEai of a Avork witli which lie is 
^onlitleBa well acquainted, M. Littr^'s 
** Atiguete Comtjj ct la Philosoplilo Posi- 
tive.'" 

Though tlicro are tolerably fixed stand- 
■idft of riirlit and wrong, and even of 
gCDCronily niid incunness, it may bo said 
tbnt llio beauty or grandenr of a life is 
mora or less a matter of taste ; and Mr. 
Congrevo'a notions of literary excellence 
ue BO diScrciit from mine that it may 
be wo sliunld diverge as widely in our 
jadgnicnt of mora! beauty or ugliness. 
Therefore, wtiilo ivtaining my own no- 
tions, 1 lio not presume to ijuarrei with 
Me. But when Mr. Congrevo devotes a 
groac deal of laboriously guarded insinua* 
tiou to the endeavor tu lead the public 
to believe that I Iiiivc been guilty of the 
djabonc^ty of liavins criticised Comte 
witliout liavitig read him, I must be per- 
nittcd to reniiml him that he'hos neglect- 
d the well-known maxim of a diplomatic 
M{^, "If you wimt to damage a man, 
yriii jihoiild'sBj' what is probable, as well 
as whiit is Inie. " 

And when Mr. Congrevc Bpeiks of my 
havinfr an advantage over him in my in- 
trodoction of '* Christianity" into the 
|ikraB0 that " M. Comte's pnilosopliy, in 
pCKliec. miglit be described as Catnoli- 
dnui viiiiua ChriKtianity ;" iutending 
tliereby to suggest that I have, by ko 
doing, desired to profit by an appeal to 
tbo odium llicohifictim — ho lays himself 
open to u very unpleasant retort. 

VTbftt if I were to suggest that Mr, 
Coogrera had n()t read Oomle'ii works ; 
nd that tliu pltrasi* " the context shows 
that the view of the writer ranges — how- 
•ver BHpcrfieially — over tbo whole works. 
Thia is whvioiis from the mention of 
CiAholiusin, " demonstrates that Mr. Con- 
greva has no acquaintance with the 
■* Philosophie Positive"! I think tlio 
mp^stinn would be very unjust and tin- 
Diaimerly, and I shall not make it. But 
thi: hct remains, that this little epigruin 
af mine, which has so greatly provoked 
Mr. Congr^ve, is neither more nor less 
tJota a condensed paraphrase of the fol- 
lowing patisago which is to be found at 
pfce AH of iho fifth volume of the 
=^ilosopIiie Positive :" * 

* Now and always I quote the sccnnd cili- 
Uou. by Liure. 



' Ln seuju solution posslltle i^e eu ^raoA 
prolil(>me hislocique, qui n'n janmis pii Blre 
jihUosopliiqiienicnt posb juiiqu'ici. conslsle it 
concevoir, en sens radicslemeiit inverse des 
notioDS liabituelles. gae ee qui derait nleet- 
lairemeni perir aijui.d't asUcat hntieiinHa, n 'itaii 
la doctrine, et non Vorganitation. qui n'n £tfi 
pnssagSrenient ruin^e que pur suite de snu ia- 
evi table adherence olfmenlaire il la [iliilofO- 
pliie Iheulogique. deslin&)itsu(!cninbergrad- 
uellement sons rirrSsJslilile emancipation &a 
lu ralsoa humame ; tandia t/ii'vna telle emu 
elilulUm, convena^tement rreontl^tiite »W (la 
biiag>irUeUetve3e»d Utf//Mplti»iienil'ie»elplti4 
stabla, dm>raJin/ilimenlprM(lei-dl'indimrlU- 
abie riorganUatwn tjaritveUe rfe» meiHe* mo- 
dernen, Mvf lea difference* efatntirilai i^titani- 
ment csrretpnTidantea S I'erirSme diccraile del 
diKiiin.es foiidamenfalea ; i moins iJe suppoaer, 
cc qui Ecralt cerlainemeut conlrndlctoiTe & 
I'ensemble des lois de noire nainre, que les 
tmmcnses etTorts de tanl de K'nnds bummes, 
secondes par la perHHVeianlc solllcUude des 
nations eivilisees, dans liifondalion seculalre 
de ce cheC-d'cBUvru poliiii|ue de la sBRoaes 
liuniaine, dolvenl etru enfln irreroenblement 
perdus pour I'ftite de rhumnnil£ sauf les 
resulliila. capitaux mills prDviaoires. qui a'y 
rupporlalenl immi^dialement. Celle expllca- 
titin K^uerale, deja evidemment mnlivee par 
la suite des cnnsidKinl ious propres a ee cha- 
pitre, sera do plus tu pliLs eiiHnrm6c nor Inut 
lo Teste cle nuLre opuiatiun lilslurlLtuu, donl 
eUe eoMtUuera spoi>tai>einetU In priaeipaU 
eonUuidoa poliUqae.'' 

Nothing can bo clearer. Comte 'a 
ideal, as stated by himaelf, is Catholic 
organization without Cathullc doctrini^ 
or, in oilier words, Catholicism minut 
Christianity. Surely it is utterly unjus- 
tillablo to ascribo to tue bane molivea for 
stating a roan's doctrines, (« nearly as 
may be, in his own words 1 

My readers would baidly be interested 
were I to follow Mr. Cougrevo any fur- 
tliur, or I might point out Ili;it the fact 
of his not having heard me leeturo is 
hardlv a safe ground for his speenlatlons 
aa to' what I do not teach. Nor do I 
foe! called upon to givo any opinion as 
to M, Comte's merits or demerits as re* 
gards Bocioiogy. Mr. Mill (whose com- 
petence to speak ou lhe!.e mattera I 
suppose will not be ijiicHlicmeii, even 
by Mr. Congrcve) has dealt with M. 
Comte's philosophy from this piiinl of 
view, witli a vigor and uuthority to 
which I cannot for a moment aspire ; 
and witli a severity, not uufreqiicntly 
amounting to contempt, wUieli 1 have 
not the wish, if I had the power to sur- 
pass. I, as a UKTC student in Ihes" qucs- 
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1 content to abide by Mr. Mill's 
Bldgiiioiit imtil si>mo ono shows cause for 
I lovcrsal, iind I decline to enter into a 
sciission which I have not provoked, 
[ The sole oliligHtion which lies upon 
be is to juHtify so much as still remaitia 
Mthout justification of whitt I have writ- 
Un rcspectinu; I'ositiviaiii — namely, ihe 
pinion oxprosaed in ihe following pwa- 
r«ph: 

" In BO far as my study of what specially 
diataclcrS/.es llie Positive Philosopby tans led 
mo, I find lliereinlillleornotbingof nnyBcl- 
_enlifi^; vuliiP, und a great deal which in as 
Miorouglily uniagonislic to llie very essence 
■|C sbiouce tis unyihing iu uliramonluuc Cu- 

Hcrc arc two propositions : the first, 
mt liio ■" Philosophic Positive" contains 
" lu or nothing of any scientific value ; 
1 Boeond, that ComtiEm is, in spirit, 
fcntl-Bcientific. I shull endeavor to tiring 
Hiorward ainplo evidence in support of 
Wth. 
I. No one who possesses even a super- 
cquaintanco with physical science 
a read Comtc's " Legoiis" without Ijc- 
^ aware that ho was M once singu- 
jrly devoid of real knowledge on these 
feibjects, and aingul.irly unlucky. "What 
a to lie thought of iho contemporary of 
Blfoung and of Frcsnel, who never misses 
a opportunity of casting scorn upon the 
hypothesis of an ether — the fundamental 
[basis not only of the undiilatory theory 
Fof liglit, but of BO much else in modem 
phyBica — and whoso contempt for the in- 
tellects of sonic of tho strongest men of 
hia y;enLTation was such that he puts for- 
wnrj the mere existence of night as u 
irefutaliou oE tho undulatory theory ? 
J'Wliiit i\ wonderful gauge of his owi* 
I -rolue us a seientifio critic does he afEor — 
\hy whom wo are informed that phrenu- 
r^*W '* "■ yf^at acienee, and psychology a 
■jjiiinera ; that Gall was one of the great 
;n of his age, and that Cuvier was 
brilliant bat superficial I" * Uow uii- 
iky must one consider tho bold specu- 
or wlw, just before the dawn of iiiod- 
a liisHilogy — whieh is simply tho appli- 
i.cation of lliu microscope to anatomy — 
■ reproves what lie calls "the abuse of 
I microsciipic investigations," and " tUc 
l jjxajrge rated credit" attached to them; 
fho, when the morphological uniformity 
f tlio tissues of tho groat majority of 



plants and animals was on the eve ( 
being demonstrated, treated with ridicalii 
those who attempt to refer all tissues 1( 
a " tissu gunerateur," formed by " Ii 
chimeriquo at inintelligible assoniblagij 
d'unc Borte do monades organiqacs, iy.t\ 
aeraient des lors Ics vrais Elements prim< 
ordiaux do tout corps vivant ;" ani 
who finally tells us, that all the objeo 
tions against a linear arrangement of tl 
Bpccies of living beings arc in their ei 
sence foolish, and that the order of thft 
animal series is " necessarily linear," 
when the esact contrary is one of thfl 
best established and the most Importan 
truths of zoology. Appeal to mathemoi 
ticians, astronomers, physicists, ohem 
ista, biologists, about tho "' Philoaophii 
Positive," and they all, with one co» 
Rent, begin to make protestation t 
■whatever M. Comtc's other merits, b 
has shed no light upon tlio philoaophy o 
their particular studies. 

To bo juBt, however, it must bo adnuG 
ted that oven M. Corato's most arden 
disciples are content to be judiciousfr 
silent about his knowledge or appre4»« 
tion of the sciences themselves, and pra 
fer to base their mnstcr'a claims to scien 
lifii; authority upon his ' ' law of the thre 
states," and his " classification of th 
sciences." But here, also, I must joii 
issue with them as completely as other 
—notably Jlr. Herbert Spencer — bm: 
done before me. A critical exaaiiaatJo' 
of what M. Comte has to say about tl 
" law of tho three stales" brings on 
nothing bnt a series of more or less coa 
tradictory statements of an iraperfectJ 
apprehended truth ; and his " elasaificc 
tion of tho sciences, " whether regards 
historically or logically, is, in my judj 
niont, absolutely worthless. 

Lot us consider the law of " the thrc 
states" as it is put before us in the Opel 
ing of tho first Le^on of the " PhlloaC^^ 
phie Positive ;" 

" Bn iiludiant niasi )e d^veloppement lob 
de rialclUgence humaine dans sus tllveni 
ri>lii5refl d'aclivilfi, depuia son premier Csa 
Ju plus simple jusqu'A nus juuib, Je cri 
avoir decouvert une grande Ini fcndDmcnlu) 
ii laqnclle II est assujettl par une nKcesBltA I 
variulile. eC qui me semble pouvoir 6l 
selidement 6Lahlle, soit sur lea preuves i 
liotielles fcurnies par la connaissanee denoi 
or^iauisaliaD, ecit sur les veilficaliniis hisi 
ruiucs Teaullant d'un cxamen sltenlif i 
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ptae6. Celte lol consUlo ea ce que cbacune 
oe ooa Cfmccplions piincipattn, cLaque 
branclie dti iios ccnniiisHaDCCB. passu succes- 
■ffcmeiitnurlroiEeialB tbcoiiques diSf-rcDls ; 
I'alat lliuulngique, ou ficl[t ; l'£tut mula- 
phfwqiic. 'ju nlisliuU ; I'ttat acUntiflque, uu 
poaitii. Eiiil'auiieB teimes.rteprit liumain, 
[Mr bh Ditliiie, eniplniu EncceESivement duns 
ehacuae tic scs rechcTblxM irois mcthodes de 
pbllosopb«r, doat le caraetere e»t etaenliellc- 
mfitt d^frent el mSme radkalement oppose ; 
d'mburrr In melhode thiologiciue, ensuile la 
■nfithude iiit-tephjaique, et eofin la m^lliode 
postUre. De 1&, trois soitea de pbilosoplile, 
OU de Hjsl^mes gen^TauK de copcepliuns but 
I'eDsemble ilea~ pb^Dom^Qes qui a'lxelutnt 
mntvrtlt*nent ; la premiere est le poiaC du 
demit Q^cssalrcdL-rinlenigeucebiiiname: la 
iToMeow. Eotiulat HxcRl deliullif : lasecnndo 
est unl(|uemeat destinee & scTvir du tiitQ- 
silicm." 

_ thing csn bo more precise tlmn theeo 
nsitts, 'nliicli mnj bo put into the 
" ' Z propositions ; 

c Itumuii intellcctiB subjected In 

_w l*y an invnriablc necessity which 

tatonatrable, il priori, from \he na- 

ind constitution of tlic intellect ; 

_.. », »3 a matter uf liistorical fact, the 

nian intellect has been subjected to the 

(ft) Every branch of human iinowledgo 
puses through the three states, neces- 
«Mily beginning with the first stage. 

le) The ihreu states mutually exclude 

out' i'.iiuthir, being esaentlally different, 

.lioully opposed. 

: ions present themselves. Is 

iislstent with himself inmak- 

.-.rtiona* And is liu consis- 

iciil « iiL fiiet ? I reply to both qncstiona 

in tho negative ; and, as regards the 

fifM, I bring forward as my witness a rc- 

nuukable passage which i» to be found 

in UiQ fourth volume of the *' Philoso- 

pliie Positive" (p. 491}, when M. Comta 

bad had time to think out, a little more 

follv, thu notions crudely stated in the 

first volume : 

" A propremenl pnrlcr, Jn pliiloaopliiB Ib6- 
ol(i|flqai<, memeilims noire premiere eiifiiDce. 
tndividueilu uusDciale. n'u jamais pli £lru 
rljruiireiisemcut unlverselle, c'vEt-il-din; que. 

Cur lea i>r<ireB quelounques du uhenonieueH, 
facia Itt plit.t simple* et lei plus commait* 
mtlanjouri eta rtgarii^ eomTHetiKntitlUmmil 
tmiiMilt d des !oi» tutCvrelkt. au lieu d'&re 
aWviufy li t'arbili'aire taloniS tfm ngenti 
nrnaturtU. L'illustru Adam Smlib n. tar 
axemple. irea-heurcuGL-ment remurquK linn, 



pour la pesantcrir. Itenftafmt.tnginiral, 

vtiine il I'egard dri 'njnti ton plvn eomplt'guH. 
tnvers tovs lespkSnomiTWi aaet ftbnnilamii et 
tua^faiailieripourgutlaparfaiiciiiTitriahUi.S 
de ltiur» relalio7i» ^celiva ail li'i-jiniri' d& 
fi-apper gponrnnSmeiit I' obMrtalntr Ic vmiiui 
praparS. Dans I'ordre mi;riil v\. uotiiil. 
qu imeya!neo[ipoaltion voudruLl nijj'iuid'liui 
ByBitTiHliquemeut inlerdire ft la pliilosophie 
positive. 11 y a en n&eessuiremeni, en lout 
temps, la pensSe den lois nalurellcs. ruliillve- 
meat aiix plus aimpiRs pb6iiotnf ii°s de la vie 
JuuinallSre, cumma IVxise ifidemmtnl lu 
condulto g^Durale de noire exisleueu rScilc. 
iadlviduellmiu fluclale, qui n'auiiilti'UJumnlB 
cnmporler aueune prfvujancu queleonifue. si 
IniH liis ph^aomeneH buinaina avalenc dli 
rif^ourcusuiaunt attrlbuG^ ft dus a^'eiiis snrna- 
lurcls, puisque dSs lura In piiece uurail 
logiqiiemuDt con^iiitue li seule rrsiioarce 
Imagluable pour intluer sur le cours liabiluel 
des act'ioQS huiaaloea. On Aoit miiat rs- 
marquer, d ee luist, gm e'eft au eoatraift, 
rebaueho aponlaitie dea preinierei loiaiialufetla 
propres mix luUea inditiid'iela on loeiavx qui, 
flctiwrneiittmntporliedtouileapMnominindu 
mortde exterltar. a d'abordfouriu, d'apr^* noi 
apliealioiia preeedsateg. le vraipnaeipefoiOa- 
meatai ds la piiMaaophie OiJaloyiqtM. Ainni, le 
fferTM U&meiitaire de la phUMnphie poeitiee Mt 
eeiiainement briii aiuti primitifait Jhnd que 
eelai di la, pliMosophie tk&ilogiqHa eUemSine, 
q-ioi qa'3 a'/iU pu ae diBelo}>per qua beaaeoup 
plot lard. Uau telle noLioQ iniporie eKirfme- 
ment & la patfaite rallonalile de tiulio tbSoria 
soclologiquc, piiiaqnu la vln humainu ne pou- 
vant jamiiis nSrir uucime veritable creation 
qualitonqiiB, mals toujjura uno fcimple uvo- 
lulina grailiiuiiu, resanr Unal de I'esprit posiDf 
devlendrait sciuntiflquBmunt incompjehensi- 
ble, Hi, d£s I'origiae. on n'ca concevait, A 
tous Sgards, lea premiers rudlmKnli nC- 
cessaires. Depuia CElte siluutiDn pflinlllve, 
a mesure ijue mis obserratians so sent epon- 
tauSment bicikIucb et ^gaurtillHecs, eel essor, 
d'abord A puiue apprecia'nle, a canstammeiit 
suivi, aikUH cesser Itinf^iumps d'etre su Ml crue, 
une progressiun tids-lente, mais eonlinue, )a 
pliilosupliie Ihenlonique realanl Ion J ours 
reserfee pour les plieoonienBd, de raotaa en 
mnins numUreux. dont les liiin natMrelles nu 
pnutaieul eucore 3tre aucunement counues." 

Compare the propositions implicitly 
laid dowtt hero with thosa contamod in 
the earlier volume, (a) As a matter of 
fact, the human intellect has not been in- 
variably subjected to the law of t!io three 
sbttos, and therefore the neoessily of tho 
law ranml bo di'monstrablo It priori. (6) 
Much of our knowledge of all kinds has 
not piksscd througli the three states, and 
iiiore particularly, as M. Comte is care- 
ful to point out, not through tho tirsl, 
fe) The positive state liaa more or less 
oo-existed with tho theological, from the 
dawn of human intelligence. AuJ. 'ly 
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feiy of comiileting; tlie series of contra- 
Totious, tlij uMtirtiitn that the tbrpo 
" oasentially different and even 
[diotdly opposed," U met a little lower 
Jl llic same pftgo by tile dccluwlion tliuE 
f the metapiiyaical atato is, at bottom, 
uthin^ bntaaiinple general moditiualion 
^ tbe lirtt ;'' while, in the fortwlh 
as alao in tbe intere9tin<; caHy 

?ntitlcd " Gonsiduratii)na philjao- 

phtqucs aiir Ics Sjienoes ct Ids Sav^tnts 
(18^5)," tlic tbree states are practically 
reclilcud V) two. " Lo riiritalilo esprit 
[6n6Ml dii toiite philosophic t!i6"logi(]au 
1 metapbysiqau consistc k prondre pour 
hucipG, dans I'cKpiieation dcs pheaom- 
pea du monde cxteriunr, notre sentiment 
tnfidiat da piu-noin^nes htimaines ; 
JUdis que an eonlraire, la philosophic 
Jaitivo est toiijoura caracterisfie, non 
I profondeineat, par la sabordina- 
tion neoeBsairo ct rationella dc la concep- 
tion do rhoinmH a colle dn raonde." 

I IcavQ M. Cumlc's disciples to aetllc 
wbicli of these coitlr.idiclory statements 

r~ resaeH their mustcr'B real meaning. 
I beg leave to remark is, that men of 
iunco arc not in iho habit of paying 
Igucb attention to " laws" stated in Ibis 

Tbe second statement is undoubtedly 
IF more rational and consistent with fact 
the first ; but I cannot think it Is a 
it or ndeqaate iicconnt of the f^owth of 
itelligCQce, either in the individual man 
in Qie human spceics. Aay one who 
ill carefully watch the development of 
the intellect of a child will porccii-o that, 
from the first, its mind is mirroring na- 
ture in two diffcretit ways. On the one 
band, it is merely driakinjr in aensDtions 
and building up associations, while it 
forms conceptions of things and their re- 
lations which arc more thoroughly " posi- 
devoid of entanglement with 
^.iypotheses of any kind, than they will 
;cver bo in after life. No child has rc- 
Icoursc to imaginary personifications in 
irdcr to accontt for the ordinary proper- 
ios of objects which are not alive, or do 
iDt represent living things. It does not 
imagine that the taste of sugar is brought 
about by a god of sweetness, or that a 
spirit of jumping canses a hall to bound. 
Such phenomena, which form the basts 
very large part of its ideas, are taken 
matters of coarse — as ultimate facts 



which suggest no difficulty and need no 
explanation. Bo far as all tbeso coTnmon 
though important pbcminiena 
eerncd, the child's mind is in wliat Jt 
Comto would call the " positive" slnto. 

But, aide by' side vsith Ibis mental c 
dition, there rises another. The child 
becomes aware of itself ns a source of 
action and a subject of passion and of' 
thought. The acts which follow upon 
its own desires are amoug tbe moat m 
teresting and prominent of surrounditif 
occurrences ; and these acta, agtun^ 
plainly arise either out of affcctiont. 
caused by surrounding things or of othtf 
changes in itself. Among these Biirroond- 
ing things, the most interesting and im- 
portant are mother and father, brethren 
and nurses. The hypothesis that tl 
wonderful creatures are of liku nature b 
itself is speedily forced tipoa the child') 
mind ; and this primitive piece of aii' 
thropomorphism turns out to be a highly^ 
Hucscssful speculation, which finds i' 
ju^-f ill cation at every turn. No wonder^ 
then, that it is extended to other eimilady 
interesting objects which are not too nn 
like these — to the dog, tbe cat, and thfl 
canary, the doll, the toy, and the pio' 
turc-book — that these are endowed wiU( 
wills and affections, and with capucitie< 
for being "good" and "naughty,' 
But surely it would be a mere perversiw 
of language to call this a " theologic^** 
state of mind, either in the proper bi 
of tbe word " theological," or as i 
trasted with " scientific" or " positive." 
The child does not worship cither fatlief 
or mother, dog or doll. On the oon 
trary, nothing is more curious than tb 
absolute irreverence, if I may so say, o 
a kindly-treated young cliii4 ; its ten 
dancy to believe in itself as the centre o 
the universe, and its disposition to exer 
cise despotic tyranny over those wh 
couJd crush it with a finger. 

Still less is there anything unscicDtU 
or anti -scientific, in this infantile anth 
pomorpbism. The child ohservea I 
many phenomena are tbe coneequenQe 
of affections of itself ; it soon has c» 
lent reasoDsforthe belief tbatinanyo 
phenomena are' consequences of the nl 
tions of other beings, moro or less lili 
itself. And having thus good cvidenq 
for believing that many of the most ii 
teresting occurrences about It are explic* 
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61c on t]ie Iij'pothosis that tiiey aro the 
*oric of intelligtucea lite itself — having 
liscovcretl ft vera cauna for many pheno- 
mena — why shoiilj the child limit tho 
plication of bo tniitful an hypolhesis ! 
Ao dog lius a sort of intclligerco, so Itas 
ihe cat ; wliy should not tbo iloll and 
Jib picture-buok also have a aharu, pro- 
[lortioned lo their likeness to intelligent 

Ho only limit which doea arise is cx- 
»0tly that which, us a matter of science, 
i)ii>ald arise ; that isto say, the anthropo- 
morphic interpretation is applied only to 
Iboac phenomena which, in their general 
axtnro or their apparent capriciousneas, 
roaeroUc tliosc which the child ohservcs 
to he caused by itself, or by beings like 
Hsclf. All the rest are regarded as 
ihiegs vfliieh explain themselves, or are 
intxplicnble. 

)l is only at a later stage of intellectual 
derelupnieiil that the intelligence of man 
HBttkeH to the apparent comlict between 
lli*anthr\)poniorphic, and what I may call 
lllti [ihysical,* aspect of nature, and either 
cnttvKVore to extend the authropomornhi'; 
tiuw over the whole of nature — which 
M liic Itiideccy of theology ; or to give 
the same exelasivc predominance lo the 
phTsical view — which is the tendency of 
science ; or adopts a middle course, and 
taking from the anthropomorphic view its 
Undtiucy to personify, and from the phy- 
naki view its tendency to exclude volition 
•nd jiffection, ends in what M, Comtc 
calls llie " metaphysical" state — " meta- 
attj^eal," in M. Comto'a writings, 
lieftig a general term of abuse for ivny- 
Ihinit lie does not like. 

"■;, ,. * iriie of the individnal is, ma- 

I'.'s, true of the intellectual 

• of the species. Itisabsiird 

. . Mi n in a state of primitive sav- 

:iiriiT, llirit all their conceptions are in n 

IJK-olui^cal tilato. NiiiB.tenlhs of them 

> r.,.. ,..,,r,i ■< poaidve" Ib in every way 
lu one aenae it EUggesis Ihnt 
;iiy which was nedonblerlly 
i.|'cd in M. Comic. Imt can best 
L wilh in a plnlosupber : in an- 
iiiforlunnlo in its appUcaiion In n 

cil slatls Willi cniirmnus nrRn- 

n il-illiird, iiDil specially pbdiiBoplii 

. . e.i ■.. .^,|, 

f 

r Jid 



sre eminently realistic, and as " positive" 
as ignorance and narrowness c;»n iiniko 
them. It no more occurs to a savage 
than it doea to a child, to a^k the why 
of the daily and ordinary occurrcncos 
which form ihe greater part of his men- 
tal life. But in regard to the more 
striking or out-of-the-way event*, which 
force him to specidate, he is highly_ an- 
thropomorphic ; and, as compared with a 
child, his anthropomorphism is complicat- 
ed by the intense impression which the 
death of his own kind makes upon him, 
as indeed it well may. The warrior, full 
of ferocious energy, perhaps the despotic 
chief of his tribe, is suddenly struck 
down, A. child may insult the man b 
moment before so awful ; a fly rests, un- 
disturbed, on the lips from which undis- 
puted command issued. And yet the 
bodily aspect of tha man seems hardly 
more altered than when he slept, and, 
sleeping, seemed to himself to leave bis 
hody and wander through dreamland. 
What then if that something, which is 
the essence of the man, has really been 
made to wander by the violence done to 
it, and is unable, or has forgotten, to 
come back to its shell ! Will it not re- 
tain somewhat of the powers it possessed 
during life ? May it not help ua if it he 
pleased, or (as seems to be by far the 
more general impression) hurt ua if it bo 
angered t Will it not bo well to do to- 
ward it those things which would have 
soothed the man and put him in good 
humor during his life 1 It is impossible 
to study trustworthy accounts of savage 
thought without seeing that some such 
train°of ideas as this lies at the bottom of 
their speculative beliefs. 

There ara savMies without God, in any 
proper sense of the word, but none with- 
out ghosts. And the Fetishism, Ances- 
tor-worship, Hero-worship, and Dcroo- 
nulogy of primitive Ravages, are all, 1 
bclic''ve. different manners of expression 
of their belief in ghosts, and of tbo an- 
thropomorphic interpretation of ont-of- 
tlie-way evenU, which is its concomitant. 
Witchcraft and sorcery aro the practical 
expressions of these beliefs ; and they 
stand in the same relation to religious 
worship as the simple anthropomorphisui 
of children, or savages, does to the- 
ology, 

In the vrogteas o^ ^^^i^ '■Y'^'V'i'' ««'™- 
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savagery !«> advanced civilization, anthro- 
pomorpbisrn grows into theology, wLiie 
pliysifism (if I may bo call it) develops 
— 't science ; but tba development of 
two is eontemporanaons, not euoces- 
•„ For each, ihoro long exists an as- 
ad province which is not invaded by 
the other ; while, between the two, lies 
debatable land," ruled by a sort of bas- 
tards, who owe their comploKion to pliy- 
ificism and Iheir siibslanee to antbpopo- 
lorphisni, and are M. Comto's particidar 

-luotapiiyHicul ontitiee. 
But, as the ages lengthen, the borders 
if Physicism iocroase. The territories 
>i ttic bastards are all nnnoxed to aci- 
id cvoa Theology, in her purer 
'"forms, has ecascd to be imtliropoinorphic, 
however she may talk, Anthioponior- 
phism has taken stand in its Inst fortress 
— man himself. Hut science i;Iosuly in- 
vests the walls ; and Philosopbera gird 
themselves for battle upon t&c last nnd 

Ctcst of all apeeiilative problems — Does 
an natnre possess any free, volitionaS, 
or truly anthropomorpliio element, nr is it 
only the eiinningeat of all Nature's clocks ? 
Some, among whom I count myself, 
think that the battle will forever remain 
drawn one, and tliat, for all practical 
purposes, tlii^ result is as good as aitthro- 
pomoTpbism winning the day. 

The classification of the seienecs, 
i^rliicb, in the eyes of M. Cointa's adher- 
Wts, constitutes his second great claim 
the dignity of a scientific philosopher, 
pears to mo to be open to just the same 
ijectiona as the law of the three states, 
inconsistent in itself, and it is in- 
consistent witli faet. Let ua eensidcr 
(in points of this classification siie- 

" Ii fant distin^cr par rapport a tniia les 
ordres des phenoraenes, deux genres do Bci- 
ences nulurelies : Ics unes abs Irai les. gf cerates, 
out pour objet la dScuuverie dts luls qui 
rfiglsseut les diverses classes de pb^nom^ncs, 
en eunsiderant Ions Ive mm qu'on lieiit eon- 
eevoir ; les auircs concretes, parlicuU^res. 
deseriptives.etiju'oudesiEneqiielquefoissouB 
la nom des scienees naturelles proprtment 
dites. eonsistent duns rapplicaijou dc ces 
lois i 1'liisEoire effective dcs difffrcnis etres 



" abstract" sciences are subse- 
y enid to be mathematics, astrono- 
_', physies, chcmislry, physiology, anj 
wial physics— the lillr^ of ihe two lat- 



ter being subsequently elianged to biolo 
gy and aoeiology. M. Comic cxcmpl 
ucs the distinction between Lis absti 
and Ilia concrete 



" On pourra d'abord I'Bpercevoir IrSs-M 
temcni en compurant, d'unu part, la pbji 
oloffiegSnerale.ctd'nno antra part la zonlo^ 
ct la botanique propremeat diles. Cs son 
evldemment, en cnct. deux travauit d'u 
caractSru fort distinct, que d'&udier, 4 
j^eernb les luls de la vie. ou da determiiier 
mode d'ei:isteDce de cliaque corps vlvant, i 
particulier. Cellii »fconde Uude, en outre, < 
liitfrnaironent fondia eur la preiaiire."- 
P. 5T. 

All the unreality and mere bookislmei 
i)f M. Comte's knowledge of phyuei 
science comes out in the passage I Ii 
italicized. " The special study of liv 
beings is bused upon a general study c 
the laws of life !" Wliat little I kiio\ 
about the matter leads me to think th^ 
if a. Comte liad possessed the sliglitei 
practical acquaintance with biological eci 
ence, he would have turned his pliraaeo 
logy upside down, and have perceive 
that we can have no knowledge of ti 
general laws of life, except that which i 
based upon the study of particular livin 

The illustration is surely nnlnckit 
chosen ; hut the language inwMch t1 
so-called abstract sciences are define 
seems to mo to bo still moro open 1 
criticism. "With wliat propriety can bi 
tronomy, or physios, or chemistry, < 
biology, bo said to occupy themsclre 
with the consideration of " all conceivabi 
cases" which fall within their respcctiv 
provinces ! Does the astronomer occn 
iiimself with any other systent of the n 
verse than that which is visible to Iiii 
Does ho speculate upon the possibl 
movements of bodies which may attiac 
one another in the inverse proportion a 
the cube of their distances, say ( " 
biology, ■whether " abstract" or '' CO 
crete," occupy itself with any otlicr for 
of life than those which eust, or hs9 
existed! And, if the abstract scicnca 
orabrauc all conceivable case 
operation of the laws with which the; 
arc concerned, would not they, necet 
sarily, embrace the subjects of tho COD 
Crete sciences, which, inasmuch as ttiCj 
exist, mast needs be com^eivablo ! 
fact, no sneh distinction as that whio) 
M. Comte draws is tenable. The first 
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^ > of liip ■ lasaification breaks by its 

Bat (iranliiv;M. Corate his six abstract 
wdenccs, lie proceeds toarrango them ac- 
HTdil^ to what !ic calls their natural 
order or hierarchy, their places in this 
hlornrchy being determined by thedegreo 
of Renornlily and simplicity of the con- 
MptioBK willi which they deal. Matho- 
maticB oeeapics the first, astronomy the 
Bocond, physics the third, chemis^ the 
fonrtli. I'iology the fifth, and socioioffy 
Uw cixlh nnd last piano in the series. M. 
romtc's nrEiiinents in favor of Ihiscliissi- 
flcation ;itc first — 

" Sa (.■untormitB cssenlfelle iiveo In co-orcll- 
nation. ca iiuelqiie sorte spontittifie, (|ui sm 
ItuuTO CD ctTot implieilemeiLt admlsu par hr\ 
aavants livics i rmurlo dcs diverse bmnelita 
de lu pliilusnpliie ualurellc." 

Bnt I absolutely deny the existenoo of 
this conformity. If there is one tiling 
clear about the proEress i>f modem sci- 
tam, it is the tendency lo ndiieo all sci- 
onti&c problems, except those which are 
puiely niatheinatical, to questions of 
molecular physics — that is to say, to tiio 
attraction»i repiilsions, motions, and co- 
ofiliDatioa of the ultimate particles of 
Baiter. Social phenomena nro the result 
ef tlifi iDteracliua of the components of 
•odety, or men, with one another and 
die ttirrounding universe. But, in the 
laugoago I'f physical science, which, by 
the aalaro of the ease ii Risterialistic, the 
Mliona of men, so far as ihey are rect^- 
DJiaiiio tiy soienec, Hro the results of 
niideciilar ehuneca in the matter of wiiich 
tfaev an composed ; and, in llie long run, 
these must- come into the hands of the 
Bhyittcai. Afiirliori, the pbenonaena of 
nioU^ and of ehemiatry are, in their 
iilltiiiat« analysis, qnestions of molecular 
pby^ica. Indeed, the fact is acknowl- 
e^ied by all chemists and biologists who 
took beyond their immediate occupations. 
And H is 10 be observed, that the phc- 
■onioiin of biology arc as directly and 
immediately connected with molecular 
bbysiea as are ibosC of chemistry. Molar 
|;',i~l-, li..iiiUtrr, and biology "' 



sleps 



the ladder o 



.-. M. Comte would have 
ihrce branches springing 
. iiiiiinou stem of molecular 
A^i to astronomv, I am at a 
» to nniicrstand how any oiis wbo wi.l 



give 3 moment's attention to the nature 
of the seieneo can fail to sec that it con- 
sists of two parts ; first, of a description 
of the phenomena, which is as much on- 
titled as descriptive zoology, or botany, 
is, to the name of natural history ; and 
secondly, of an explanation of the phe- 
nomena, furnished by the laws of a force 
— gravitation — the study of which is as 
much a part of physics as is that of heat, 
or electricity. It wouid be jest as rea- 
sonable to innko the study of the heat of 
tlic sun a science preliminary to the rest 
of ihennotics, as to place the study of 
llic attraction of the bodies which com- 
pose the universe in general before that 
of the particular terrestrial bodies which 
aione we can experimentally know. As- 
tronomy, in fa't. owes its perfection to 
the circum^tftuco that it is the only 
brr.nchof natural history, the phenomena 
of which are largely expressible by 
innthcru;.tical conceptions, and whieh cati 
be, to a great (-stent, osplaiaed by the 
application of very simple physical laws. 

Witli regard to matbeidatics, it is to 
be observed, in the first place, that M- 
Comte mixes op under that head the pure 
relations of space and of quantity, which 
are properly included under the name, 
with rational mechanics and statics, wliieh 
are malliemntical developments of the 
most general conceptions of physics, 
namely, tlie notions of force and of mo- 
tion. Releg'itiiig these to their proper 
place in physics, wo have left pure mathe- 
matics, which cau stand neither at the 
head, nor at the tail, of any hierarchy of 
the sciences, since, like logic, it is 
equally related to all ; though the enor- 
mous practical difficulty of applying 
matiicmatics to the more complex phe- 
nomena of nature removes them, for the 
present, out of its sphere. 

On this subject of mathematics, again, 
M. Comte indulge* in assortiona which 
can only bo accounted for by his total 
ignorance of physical science practically. 
As for example : 

" C'est doHC par I'eludu des mathSma- 
liquea, et geuleriuiUptti' elle, quo Ton pent se 
fittfo une id£e liiste ec npprofundlo dn oe que 
c'est qu'ime aeknct. O'esC Ift unigaemtnt 
qu'OQ doic elietcliHc ii oonaaltra avee pre- 
cision la •mithode gSnirala q-is I'oprit kunuiiii 
emploie oonstamraent liniui toutui ntg if^Mrehei 
pogiliven. parce [[Ue nulla part ailleurs 1M 
queBiIooa ne soni resoluaa i^iisiB -mHS^fera 



Out 
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. Jl CiimplelB i^t le« d£diictious prolongges 

iBHi Idin avce imo siiriirKu ngoiiteuse. 

otre entvndemiiiit 



turuequu 1iiaS<i6«qu'ilycoaaiil6rcaoDt du 
Tjlua houC rtegrfi (i'libnttuetion powlhle ' 
1 ordre puBiiil'. TouU i(l»eutiim neienU 



fhnt is to saj, the only study wliiuli cui^ 
unfor *' a just ihi<I toTJiprclienfiivo iUcLi 
if what is incBiit by nciencc," and, attho 
pino time, fiimisli an oxnct conception 
i tho general luethoil of nciontiGc iuvca- 
leationi ia tliat wbicli knows nothing of 
Mervation, notliing of experiment, noth- 
; of induction, nothing of canaation ! 
^d odiic.ition, the whole secret of which 
lonsists in proceeding from the easy to 
mo difficult, tho concrete to tlio abatriiet, 
fight lo ba turned tho other way, auJ 

i9 from tho obatruet to tlio concrete. 
' M. Comtu pntB a aeooiid n^^umeat in 
'ivor 1)1 his liicrarchy of thy sciences 



portent qu'une fitudo k Is fois moins o 
actc et moins syHtemaliqiio que Its plia 
nomeaes das corps bruts," I 
to comprehond what he in 
affirm tliat " wlien a motor i 
tated, the muscle connected with it ba 
comes aimultaneoualy shorter and thicket 
nithout changing its volume," itiippeitr 
to me that the stAtement is as precise a 
exact (and not merely an true) as that >i 
tho physicist who should say, tlift 
" when a piece of iron is heated, it hft 
comes simultaneously lonpier and lliiclia 
and increases in volume ;" nor can I dia 
cover any difference, in point of precj 
eion, between the ttatcment of tho mi 
phological law that " anima)s wbici 



suckle their young have two occipib 
condyles," and the enunciatjon of tfa 
physical law that " water subjected I 
electrolysis is replaced by an eijual weigl 
of -the gases, oxygen and hydrogen.' 
As for anatomical or physiological iuvei 
tigntinn being less *' systematic" thn 
that of the physicist or chemi<st, the ai 
sertion is simply unaccountable. TJ 
rnelhods of physical science are everj; 
where tho same in principle, and t 
physiological investigator who waa 
" systematiu" would, on tho whole, bre 
down rather sooner than tho inqoii 
into simpler subjects. 

Thus M. Comic's ciasaifi cation of t 
sciences, under all its aspects, appears I 

c to be a complete failure. It is im 

IiTfi^airnot" waite^timein repeatins Ms psible, in an article which is already tc 
ttfutation. ong. to mqmrc how it may Iw replflc« 

• A third proposition in support, of tho ^X " »'<^»«' ' >^^ '*'».*«« leas nee essaiy ) 
Comteau claJiHcation of the scieneea do so. as a second edition of Mr. Sponcw) 
It^mds M follows : remarkable essay on this subject has ji 

F^ been publisiieJ, After wading ihi 

I " En IroisiJmo lieu celte classiflcaUon ( ^|^ |one-windcd confnsioa « 

iiarnuer esadtenlMit In perfeciio.. relative dt« second-hand informaiion of tlio ' 
IISBrvnies f^clencM. Inquelle euosistu easeu- sopMo I'osiUve, at ihe iisk of a cf 
Hi;l>eiiit'Dt dans to draru tie prfci&ion des cirW™/*— it is as good as a ^ower-bl 
^niwi«*iw-w e( dans feur co-anlimiiiou plus to turn to tho " Olassificatioii of the ft 
lu aiL.>us ioiiuia. ^^,. ^^ „f^^ „„^.,j ^;jjj j 

I am qutte unable to understand tho Spencer's profound ibonglit, 
di^linctinn wUlcli M. Corale endeavors knowletlne, and clear laiiguiigo. 
to draw in this passi^, in spite of bis II. Tho second proposition to whi^ 
tui>plifieatiuus further on. Every science hare committed myself, in Iho paper 1 
~ ~ list coi:sist of precise knowledge, and which I have been obliged lo rrfer s 
al kuuwiedge must be co-ordinaled iut<) often, is, that (fao "Posiiiie I'hiloK 
ncml proportions, or it is not scicnco. phv'' contains " a great dtui which 19 g 
hen .U. Corate. in exemplification thoroughly anti^onislie to the very e 
f the statenienl I have cited, says that gencc of faience as is SDyiJiing in ultn 
f ka ph^ibMU^ites organiijnes no com- montane Catholicism. " 



'■ Un second cavnetfiro Irfs-cssenlhl de 
toira dassill cation, c'tst d'etre ufcesijaiio* 
arnt ouuForme a I'ordre edeclif dii dfivelop- 
H-mMit do la philusophio untiiielle. C'csC 
le (luo vSrifln tout ce qu'oo suit de rhiBtcire 
''isscleuccs." 

But Mr. Spencor has so thoroughly and 
fompietely demonstrated the absence of 
>ny correspondence between the liiRtorical 
development of tho sciences, and their 
position in tho Comtean hierarchy, i; 
essay on tho " Genesis of Science," that 
I shall not waste time in repeating li:s 
|«fuIation. 

A third proposition in support, of tho 
Tomtuau classi Heat ion of the 
tnnds as follows : 
"En Iroisl^me lieu culte classlflcnlio 
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What I refer to in those words, is, on 
Uwt one band, the dogmatism and narrow- 
nws wJiich so often mark M. Comte's 
OiscuSBinn of doctrines whiehho docs not 
jike, and reduce his expressions of opin- 
ion to mere pas&ionatc puerilities ; na, 
for example, when he is arguing against 
tlie BBsuinplion of an ether, ov when ho 
IB talking (I cannot call it arguing) 
SgBHist psychology, or political economy. 
va the other hand, I ullude to the spirit 
irf meddling bj stem atizat ion and resulft- 
tion which animates even Ihe " Philoso- 
phic ro*ilivc," and breaks out, in the 
latter volumes of that work, into no itn- 
OCTtain forefhadowing of the anti scientific 
mouBtrositios uf Comte's later writings. 

Those who try to draw a line of de- 
Mflnadion between the spirit of the 
■' I'hilosophie Positife," and that of 
the ' r.-liiique" and its Ecccessors (if I 
jwy express an opinion from fragmentarv 
tnowlcdgC of these last), must have over- 
Iftofcod or forgotten what Comte him- 
wlf Inbora lo show, and indeed succeeds 
■n proving, in thi, '■ Appendice General" 
of the -Toliliiinc I'lisitive." " I)f.a 
mond61.i.t," he writes, "je tcntai do 
tattder le nourcflu pouvoir spiritncl tine 
i iBStitne anjourd'liui." " Ma politiijtie, 
ma d'etre ancnncment opposte n ma 
pWliwophie. en coiistituo lellemtnt In 
fUlo n-turelle qne celle-ci futdireclcnirr.t 
msUlnee pour servir do base a. eello-fa, 
eoiuuiB Ic pronve cet nppendice." 

Tliis ia quite true. In the remarkable 
BW entitled " Considerations sur te 
Foovoimpiritue!," published in March, 
lS2fi. Coratc advocates tho establishment 
M« modern spiritual power," whiuh, 
h» aaLicipates, may exercise an evcii 
«e«t«r influence over temporal affairs 
wan did tliu Catholie clergy, at the 
he^lU of their rigor and independence, 
ia Iho twelfth centnry. This spiritnal 
power IB, m fact, lo govern opinion, and 
In l»»o llie supremo control over ednca- 
tioB, in each njition of tho West ; and 
tba»piritnal powers of the several Eiiro- 
Mu p«>«ples«reto bcnwociated together 
•Bd placed under a common direction or 
" MUreraineUi spiritnollc. " 

A «j-8tem of "CathoIIciFm minm 
Clifi^ianiiy" was thertiforo completolv 
wmniwd In Comte's mind, fonr reara 
■wore the first volume of tho ■■ I'lifloso- 
phie I'oativu" was written ; 



ally, the papal spirit shows itself in that 
work, not only in tho ways I have 
already mentioned, but, notablv, in tho 
attack on liberty of conscience which 
breaks out in the fourth volume : 

'■ II n'va point de libertS de conscience en 
oatronomre, eu physique, en ehimie, ta jiljy- 



Biologic mciiii;. Kn i 

vemU absurile do ne pas cruirede conflsooe 
principesfilablisdan ' 



eiiacun i 

— .a de conflhuM: 

ins les sciences par lea 



liomm?s comp€t 

_ " Nolliing in _ ultramontane Catholi- 
cism" can, in my judgment, he moro com- 
pletely sacerdotal, more entirely anti- 
scientific, than this dictnm. All the 
great steps in the advancement of ecicnce 
have been made by just those men who 
have not hesitated to doubt tho " princi- 
ples established in tho sciences by com- 
petent persons ;" and tho great teaching 
o£ science — tho great use of it as an in- 
atmment of mental diseiplino — is its con- 
stant ineuleatlun of tho maxim, that the 
solo ground on which any sUteraont has a 
right to be believed i? the impossibility 
of refuting it. 

Thus, without travelling beyond the 
limits of tho " Philosophio Positive," 
wo find its author contemplating the cs- 
tabliahment of a system of society, ia 
wiiicli an organiEcd spiritual power shall 
override and direct tho temporal power, 
ai completely as tho Innocents and 
Gregorys tried to govern Europe in tho 
middle ages ; and repudiating the exerclaa 
of liberty of conscionce against the 
krimmes competenis," of whom, by tha 
assumption, tho now priesthood wonid 
he comDoaed. Was Mr. Coogrove as 
f .irgetf 111 of this, as he seems to have been 
of aime other parts of tiio ' ' Philosophie 
Positive," when ho wrote, that " in any 
limited, careful use of the term, no can- 
did man could say that the Positiva 
Pliiloaophy contained a great deal as 
thoroughly antagonistic to [the very es- 
Bcnce of*] science as Catholicism" f 

M. Comte. it will hnve been observed, 
desires to retain the whole of Catholic 
organisation ; and the logical practical 
rosult of this part of his doctrine would 
be the eslablishraent of soraethin" corre- 
aponding with that eminently tSiholie, 
but a dmittedly anti-scientific, iiinitution 

* Mr. Con-reVKkaves out these imfiorlBnl 
wr>fcls. wbicli show [bni I pofer lo rbo spirit 
md nnt i« 1 1,« details of science. 
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I hope I have said enongh to show that 
wrote the few Unes 1 devoted to M. 
[Comto and hia philosophy, neither un- 
^ 'dedly nor i^norFUitlj, Btill less mali- 
ciouflly. I Bhair be sorry if what I have 
now added, in my own justification, 
should lead any to suppose that 1 think 
M, Comto's works worthless ; or that I 
do not heartily respect and rynipathize 
with those who have been impelled by 
him to think deeply upon Hocial prob- 
, and to strive noiily for social re- 
generation. It ifl iho virtue of that im- 
j>u]aG, I believe, which will bbvo the 
"name and fame of Angnsto Comte from 
ihlivion. As for his philosophy, I part 
with it by quoting his own words, re- 
ported to me by a quondam Comtist, 
now an eminent menilnjr of the Institute 
of France, M, Charles Uobin : 

La PliltoHophic est uue teotalive iace?- 
Mole de reanrll humuin pourarriver nu lu- 
pos : mois elle m irouve incessanunent aussj 
(iSraDgee par len progres coDlinuK de la 
i^cieui^e. Do ]jl vieut pour le pbilosoptie 
i'otili^tlon de refalreclinquesnicla syiitlifEC 
de ses conceptious ; et un jour viundni oii 
riiomme raisonnable nu fern plus d'»itto 



ON A PIECE OF CHALK. 

If a well were to bo sunk at our feet 
in the midst of the city of Xorwicli, the 
diggers wonld very soon find themselves 
at work in that white sabstance almost 
too soft to bo called rock, with vrltich 
> are all familiar as " chalt." 
Not only hero, but over Uio whole 
eonnty of Norfolk, tho well-sinker might 
cany his shaft down many hundred feet 
vithout coming to the end of the chalk ; 
and, on tho sea-coast, where the waves 
have pared away 'tho face of the land 
which breasts them, tho scarped faces of 
the high cliffs are often wholly formed 
of tho same material. Northward, the 
chalk may bo followed as far as York- 
shire ; 00 the south coast it appears 
abruptly in the pieturesqiio western bays 
of iJorsct. and breaks into the Needles of 
the Isle of Wight ; while on the shores 
of Kent it supplies that long line of 
.Wlute cliffs to which England owes hei 
of Albion. 



AVero the thin soil which covctb it alf 
washed away, a curved band of whitB 
chalk, here broader, and there narrower, 
might bo foUowad diagonally across Eng 
land from Lnlworth in I-)orset, to Flant 
borongh Head in Yorkshire — a distano 

From this band to the North Sea, 
the east, and the Channel, on the south, 
the chalk is lai^ely hidden by other di 
posits : but, except in the Weald (. 
Kent and Susse.\, it enters into the ver 
foundation of ail the south-eastern cona 

Attaining, m it does in somo places, i 
thickness of more than a thousand ieet« 
tho English chalk mutt be admitted ti 
be a mass of considerable magnituda 
Nevertheless, it covers bu 
cant portion of the whole area oecupieg 
by the chalk formation of the glo) 
which has precisely the same gens 
characters as ours, and is found in 6 
tached patches, some less, and othei 
more cstensivc, than the English. 

Chalk occurs in north-west Ireland ; i 
stretches over a lai^e part of F 
chalk which underlies Paris being, 
fncl, a continuation of that of the Xiol 
'Ion basin ; it runs throngfa Denmark ail 
Ccntr.U Europe, and extends soatbwa^ 
to North Africa ; while eastward, it a] 
pcais in the Crimea and in Syria, ai 
may be traced as far as the shores of tl 
Sea of Aral, in Central Asia. ^^ 

If ail the points at which tmo chal 
occurs were circa mseiibed, they wool 
lie within an insular oval about SOO 
miles in I ODi; diameter — the area of wU{ 
would bo as great as that of Europe, a 
would many times exceed that of 1 
lan^st existJOg inland sea — the Uedite^ 



Thus the chalk is no unimportant el 
mcnt in tho masonry of the earth's 
and it impresses a peculiar stamp, var 
ing with the eouditions to which it 
exposed, on the scenery of the distiic 
in which it occurs. The aodalalii 
downs and roimded coombs, 
with sweet-grassed turf, of our inia 
chalk country, have a peacefully dom< 
tic and mutton -su^estiag prettinR 
but can hardiv be called either grand 
beautiful. But on our southern coas 
the wall-sided cliffs, many hundred U 
high, with vast needles and pii 
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itanding out in the sea, sharp snd soU- 
lary >.-uongli to serve as perches for the 
wary comioranf, confer a wonderful 
beanty and (irandcur n])oa ihe chalk 
headlands. And in the Eaat, chalk has 
its flmre in tho formation of »otuo of 
ll'e most venerable of mountain ranges, 
such a& llic Lebanon. 

What ia this wide-spread component 
of UlO surface of the earth ? and whence 
did it come ? 

Yon may think this no very hopeful 
inqnirv. You may nut unnaturally sup- 
poae that the attempt to solve such prob- 
(ema m these can lead to no result, save 
Ukkt of entangling the inquirer in vague 
t^>ect]lfttion)>, incapuhic of refutation and 
of TcrificaUon. 

If such were really the case, I should 
faftvo selected some other subject than a 
"piece of chalk" for my discourse- 
Bat, in Inith, after much deliheration, I 
bare been unable to think of any topic 
which would so well enable mc to lead 
yua to see how solid is the foundation 
upon which some of tlic most start- 
liiijr conelusioKS of physical science rest, 
A givat chapter of llio history of the 
world is written in the chalk. Few pas- 
«ilgCfl in the history of man can be sup- 
portod by such an overwhelming mass of 
(firoct and indirect evidence as that which 
teetifieA to the truth of the fragment of 
tho histoiy of the globe, which I hope 
lo enable you to read, with your own 
eyes, to-night. 

Let nic add, that few clmpteps of hu- 
man history have a more profound signi- 
ficance for ourselves. ' I weigh my words 
well wlien I assert, that tho man who 
ehoold know tho true history of the bit 
of chalk which every carpenter carries 
about in Ilia breeches-pocket, though 
Ignorant of all olhtr liistorj', is likely, if 
he will think hid knowledge out to its 
oHiinato results, to have a truer, and 
thcref-jrc a better, conception of thin 
wondcrfnl universe, and of mail's relaiion 
lo it, than the most learned stuiloiit who 
is d^p-rcfld in ihe records of huinaoily 
and ignorant uf those of nature. 

The language of tho elialk h not hard 
to leHm, not. iieiiHv so hard as Latin, if 
you onlv want U> get at llio broad fea- 
ture o^ the Blory it has I., tell ; and I 
prvpose thai wo now set lo work to Kpell 



that story out together. 

We all knowthst if we" bum" chalk, 
the result is quicklime. Chalk, in fact, 
is a compound of carbonic acid gua and 
lime ; and when vou make it very hot, tlip 
carbonic acid liies away and tho lime is 
left. 



By this 1 



ithod of procedure we see 
we do not see the carbonic 
acid. If, on tho otlier hand, you were 
to powder a little chalk and drop it into 
a good deal of strong vinegar, there 
would bo a great bubhiing and timng, 
and, finally, a clear liqm'd, in which no 
sign of chalk wuuld appear. Here you 
see the carbonic acid in the babbles ; 
the lime, dissolved in tho vinegar, van- 
ishes from sight. There are a great 
many other ways of showing that chalk 
is essculially nothing but carbonic acid 
and quicklime. Chemists enunciate the 
result of all the experiments which prove 
this, by stuting ihat chalk is almost 
wholly composed of " carbonate of lime.'* 

It is desirable for us to start from the 
knowledge of this fact, though It may 
not seem to help us very far toward what 
wo seek. For curbonate. of lime is ii 
widely-spread substance, and is met «itli 
under very various conditions. All sorts of 
limestones ore composed of more or leas 
pure carbonate oC lime. The crust which 
IS often depositud liy waters which Lftvc 
drained through limestono rocks, in the 
form of what are called stalagmites and 
stalactites, is carbonate of lime. Or, to 
take a more familiar example, tho fur on 
the inside of a tca-keltic is eurhonale of 
lime; and,' fori anything, chemistry tells 
us to tho coiitniry,' (ho elialk iiiiglit he a 
kind of gigaulie far upon the i"ittcm I'f 
tho eartu-keltle, which ii kept pniiy 
hot helow. 

Let us try another mulhod of making 
the chalk tell US its own history. To 
the unassisted eye chalk looks aisijt); 
like a very loose and open kind of stono. 
Hut it is possible to grind asliceof challc 
down so thin that you can see through it 
•^uuiil it. is thin enough, in ftict, to be 
ith any magnitiiog power 



that may be thought desirable. 

slice of the fur of a kettio luight b 

in the same wnv. If it were ex 
'oiild show i 
distinctly lai 

luincnil Bubslancc, and nothing; leu 
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But the slice of chalk presents a totally 
ilifTi'rent appearance when iilacod under 
tlic microscope. Tho gcncrnl mnss of it 
r is made up of very minnW! granules ; but, 
I imbedded in this matrix, arc innumcnu 
hie bodies, some smaller and some lai^cr, 
but, on a rough average, not more than 
a hundredth of an inch in diameter, hav- 
ing a wetl-defincd shape and fitmcturc. 
A cubic inch of some specimens of clittlk 
may contain hundreds of IhoDUmda of 
these bodies, compacted together with 
incalculable millions of the granules. 
The examination of a transparent slice 
ires a good notion of the manner in 
4iich tho components of tho chalk arc 
uiged, and of their relative propor- 
Ds. But, by rubbing up some chalk 
r with a brush in water and then pouring 
T vS tho milky fluid, so as to obtain sedi- 
inents of different degrees of fineness, 
the granules and the minute rounded 
bodies may be pretty well separated from 
one another, and submitted to micro- 
scopic examination, either as opaque or 
>ts transparent objects. By combining 
the views obtained in these various 
methods, each of the rounded hodies 
may be proved to bo a beautifully- con- 
structed calcareous fabric, made up of a 
number of chambers, communicating 
freely with one another. The chambered 
bodies are of varioua forms. One of the 
commonest ia something like a badly- 
grown raspberry, being formed of a 
number of nearly globular chambers of 
different sizes congregated together. It 
is called Globigeriiui, and some specimens 
of chalk consist of little else than Globi- 
gerinae and grannies . 

s fix our attention upon the Globi- 

I gtrina. It Is the spoor of the game we 

are tracking. If wo am learn what it is 

\ and what are the conditions of its exist- 

shall see our way to ihu origin 

i wd past history of the chalk. 

I A suggestion which may naturally 

I enough present itself is, that these curi- 

I ous bodies are the result of some process 

I of aggregation which has taken place in 

tiic carbonate of lime ; that, just as in 

winter, the rime on our windows simu- 

tatCB the most delicate and elegantly 

arborOBcent foliage — proving that the 

iiineral matter may, under certain 

conaitiouM. awKunie tho outward form of 

organic bodies — so this mineral sub- 



stance, carbonate of lime, hidden awn-; 
in the bowels of the oartli, has laken ll . 
shape of these chambered liodies. 1 a.- 
not raising a merely fanciful and nnri'iii 
objection. Very learned men, in former 
days, have even entertained the nolioit 
that all the formed things found in i'(l^ 
arc of this nature ; and if no such con- 
ception is at present held to be admissi- 
ble, it is because long and varied experi- 
ence has now shown that mineral matter 
never does assume the form and structorA 
we find in fossils. If anyone were lo tiy 
to persuade you that an oyster-shell (whidL 
is also chiefly composed of carbonate tA 
lime) had crystallized out of sea-water. £ 
suppose you would laugh at the ubsnrHily, 
Your laughter would bo justified ly tht 
fact that all experience tends lo lOmiih 
that oyster-shells arc formed hy tbd 
agency of oysters, and in no other way 
And if there were no better reasons, wi 
should be justified, on hke grounds, ii 
believing tliat Olohigeriiut is not tfa< 
product of iinything but vital activi^. 

Happily, however, better cvidenmi h 
proof of the organic nature of thi 
gerincE than that of analogy is forthcoio^ 
ing. It so happcnsthatealcareoua skele- 
tons, exactly similar to the Olobiga ' 
of tho chalk, are being formed, at 
present moment, by minute hving c 
turcB, which flourish in multitudes, lit 
ally more numcroiia than the sands of tbi 
sea-shore, over n largo exlent of that pAll 
of the earth's surface which is covered hj 
the ocean. 

The history of the discovery of tbm 
living Globifferina, and of tho partwhicl 
they play in rock building, is singiilii 
enough- It is a discovery which, likfl 
others of no less scientific importance) 
has arisen, incidentally, out of work iv 
voted to very different and exceeding^ 
practical interests. 

When men first took to tho sea, thej 
speedily learned to look out f or sho^ 
and rocks ; and the more the burthen ol,^^ 
their ships increased, tlio more impera- 
tively necessary it became for sailors to 
ascertain with precision the depth of tho 
waters they traversed. Out of this neceii' 
sity grew the use of the lead and sound- 
ing line ; and, ultimately, marine-survey- 
ing, which is the recording of tiie form 
of coasts and of tho depth o£ the sea, aa 
ascertained hy the sounding- lead, upoD 
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Al the same time, it becaiuc dcsir&blc 
to nscertaiti and to indicate tbo nature of 
tlie seu-botlcmi, since tbia circumstance 
grentJy ufFucls its goodness as holding 
groan il for ancbors, Bodic iugcnioua 
t»r, wbosi! name deserves a belter fate 
than Ibu oblivion into which it baa fallen 
attnincd this object Ky " arming" the 
Imttom of the lead witli a lump of grease, 
to which more or less of the sand or mud, 
or broken shells, ^ llie case might be, 
idhend, and was brongbt to the surface. 
But, however well adapted such an ap- 
paratus might be for rough nautical pur- 
poses, scientific accuracy could not be 
expected from the armed lead, and to 
remedy its defects (especially when ap- 
plied to Bounding in great depths) Lieut. 
Brooke, of Ihc American Navy, some 
yenra aao invented a most ingenious ma- 
chine. By which a considerable portion 
of tlie GUperficial layer of the' sea-bottom 
CRO be scuoped out and brought up, from 
iny depth to whieli the lead descends. 

In 195^, Lieut. lirooko obtained mud 
ftom tlic bottom of tbo Xorth Atlantic, 
between Newfoundland and the Azores, 
•t a depth of more tlian 10,000 feet or 
two miles, by tlio help of this sounding 
^parntiiH. The specimens wero sent for 
examiiiiiLon to Ebrenberg of Berlin, nnd 
to lUiley of West Point, and those able 
mieroscoplsts found that this deep-sea 
mud WHS almost entirely composed of tlio 
skeletons of living orgnnisma — the croater 
pTOportion of these being just like the 
Olihigeriiiie already known to occur in 
the dialk. 

Thus far, lbe_ work had been carried 
on simply in the interests of science, but 
UeuL Brooke's method of sounding ac- 

r'fed a high commercial value, when 
enterprise of laying down the tcle- 
mpb-cable between this country and the 
United States was undertaken. For it 
faecaiae a matter of immense importance 
to know, not only the depth of tbc sea 
oror tbc whole line along which the cable 
iras to bo laid, but tho exact nature of 
the bottoD), so a.<i to guard against chances 
uf cutting or fraying the strands of that 
costly roj>o. The Admiralty consequent 
ty ordered Captain Dayman, an old 
frioiiil und shipmate of mine, to ascertain 
tbe depth over the whole line of tlie 
eUaie, und to bring buck specimens of 
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the bottom. In former days, snob » 
commimd a* tliis might Inv'c' sounded 
very much lilio one of ti.e imposwUle 
things which the young prince in tlio 
Fairy Talcs i« ordered "to do before ho 
can obtain the band of the princess. 
However, in tbo months of June and 
July, 18.^7. my friend performed llio 
task aligned to him wilb great expedi- 
tion and precision, without, so far ns T 
know, having met with any reward of 
that kind. The specimens of .\tlantio 
mud which he procured wero sent to me 
to be examined and reported upon.* 

The rcBiilt of all these operations is, 
that we know tho contours and the nature 
of tho surface-soil covered by tho N'orth 
Atlantic, for a distanco of I "00 milOB 
fi*oin east to west, as well ai wc know 
that of any part of tho dry land. 

It is a prodigious plain — one of the 
widest andmostcven plains in ihc world. 
If tbo sea were drained off. yon might 
drive n wagon all the way from Vnletitia, 
on the west coast of Ireland, to Trinity 
Bay, in Newfoundland. And, except 
upon one sharp incline about aoo miles 
from Vnlentia, I am not quite sure that 
it would ei'en bo necessary to put tba 
skid on, so gentle are the ascents and 
descents upon that long route. From 
Valentta the road would lie down-hill for 
about 200 roilea to the .point at which 
the bottom is now covered by 1700 
fathoms of sea-water. Tlicn would come 
tlie central plain, more thar. a thousand 
miles wide, tbe inequalities of the sur- 
face of which would be hardly percepti- 
ble, though the depth of water upon it 
now varies from 10,000 to IS.OOO feet ; 
and there are places in which Mont Blanc 
might bo sunk without showing its peak 
above water. Beyond this, the ascent 
on tho Araetican side commences, and 
gradually leads, for aboat 300 miles, to 
the Newfoundland shore. 

Almost the whole of the bottom of 
this central plain (which extendu for 
many hundrcu miles in a north nnd south 

* Bee AppeniliK lo Cuplaiu Uuviuuu'it 
" Deep-sen Bnundinits in llieNuilh Alliinlic 
Oeena, hetween Ireland and Newrouniiland, 
made in it M.!?. Cyclops. Published b.T 
onler nf llii' Lords Cnminissioner* of llw Ad- 
miralty, 1H53." They liavo sinco formed the 
suliiect of an elnbotato memoir by Messra. 
Puiker niid Jones, publislicd in the Philo- 
»ophie3l Traataetioja fur IBtiS. 
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Htrfction) ig covei'ed by a fine mud, 

Triiich wlion brought to- the surface, 

■" ' a into a grayish, white friablo siilj- 

stflncc. Ton can write with this on a 

bliiokboard, if you Hre so inclined ; nnd, 

to the eye, it is quite like very soft, 

Krayifili chalk. Examined chemicnlly, 

I it proves to be composed almost wholly 

I of c.irbonato of lime ; and if yon make a 

T':>ection of it, io the same way as that of 

^ of chalk was made, and view 

I il with the inicroRcopo, it presents innn- 

I merablo Giobigerinx embedded in a 

L grannlHr matrix. 

I Thns this deep-sea mud is aulistan- 
I tially ehalk. I say substantUny, because 
■' there arc a good many minor diSer- 
cnces ; but as these liiive no hearing on 
the question immediately before ns — 
which is the nature of the GlohigcriniB of 
the chalk — it is iinnuecsaary to speak of 
them. 

Glohigerina of ever}' size, from the 
.niallvKt io the largest, are associated to- 
petlier in the Atkutic mud, and the 
uhDiiibers of many arc filled l.y a soft 
.1 matter. This soft substance is. 
In fact, lliQ remains of the creature to 
■hich the GlMgariiia siiell, or rather 
skeleton, owes its enistence — and which' 
lul of the simplest imaginable 
description. It is, in fact, a mere parti- 
flle of hving jelly, without defined parts 
~if any kind — without a mouth, nerves, 
ilea, or distinct organs, and only 
festing its vitality to ordinary ob- 
servation by thruHting out and retracting 
from all parts of its surface long fila- 
montona proceases, which serve for arms 
and legs. Yet this amorphous particle, 
devoid of everything which, in tlic 
higher animals, we call orguns, is capable 
of feeding, growing, and multiplying ; 
of separating from the ocean the small 
iroportion of carbonate of lime which is 
" solved in sea-water; and of building 
ip that suhHttmcc into a skeleton for 
ilBcIf, according to a pattern which can 
be imiLated hy no other known agency. 

The notion that animals can live and 
flourish in the sea, at the vast depths 
from which apparently living Globigerinai 
have been brought up, does not agree 
very well with onr naual conceptions re- 
specting the conditions of animal life ; 
and it is not so absolutely impossible as 
might at first sight appear to be, that 



the Globifferina of the Atlantic sea-lioe 
tom do not live and die where they i 

As I have mentioned, the soundin 
from the great Atlantic plain are ainn 
entirely made up of Ohb'gerints, wi 
tlie granules which have been mentioned 
and some few other calcareous sheila 
but a small percentage of the chalk 
mud — perhaps at most some five per eel 
of it— is of e different nature, and con 
sists of shells and skeletons composed o 
silex, or pure flint. These siliceoo 
bodies belong partly to the lowly veg« 
table organisms which arc called Diald 
macccc, and partly to the minute 
extremely simple animals, termed Sadi 
olaria. It is quite certain that tUca 
creatures do not live at the bottom a 
the ocean, but at its surface — where the 
may bo obtained in prodigious nnmbt. 
. by the nso of a properly constructed ne| 
Hence it follows that these siliceous otgjtx 
ism?, though they are not heavier tha 
the lightest <lust, must liave fallen, i 
some case.'*, through fifteen thousand fee 
of water, before they reached their fini 
resting-place on the ocean floor. And 
considering how largo a surface thc« 
bodies expose in proportion to ihei 
weight, it is probable that they oceup 
a great Icngtli of time in making thei 
bnrial journey from the surface of ih 
Atlantic to the bottom. 

But if the Radiolaria and Diatoms a: 
thns raiped upon the bottom of the sea, 
from the snperfiuial layer of its waters ii 
which they jiass their lives, it is obvious 
ly possible that the OlobigtHna may b 
similarly derived ; and if they were soj 
it would bo much more easy to under 
stand how they obtain their supply o 
food than it is at present. Nevertheless 
the positive and negative evidence aj 
points the other way, Tlio skclotous o. 
the full-grown, deep-sea Globigerhive an 
BO remarkably solid and hcav-y in propor 
tion to their surface as to seem litlli 
fitted for floating ; and, as a matter o 
fact, they are not to be found along wM 
the Diatoms and Radiolaria, in the np 
permost stratum of the open ocean. 

Jt has been observed, again, that tho' 
abundance of Globigtrina, in proportiorf 
to other onanisms of like kind, increases 
with the depth of the sea : and that 
deep-water Qlobigerina arc larger than 
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fliOBC wliich live in shallower parts of tlio 
MH ; nnd siich facts negntivc tlia suppo- 
sition that these organisms have heen 
BWopl Ity currents from the Bhsillowa into 
llii; deeps of tbe Atlaoiio. 

U therefore seems lo be hnrdly doubt- 
ful that thfiso wonderful t'rpatiireB live 
Bad die at the depths in ivhi::b they arc 
found.* 

However, the important points for ns 
are, that the living Globigerinte are ex- 
cjusively marine animals, the akeletona of 
whicli abonnd at the bottom of deep 
MSB ; and that thcra is not a shitdow of 
TeaaoD for believing that the habits of 
the Otobiijeriiux of the chalk differed 
from tiiose of the existing species. But 
if tliis 1)3 true, there ia no escaping t!ie 
oonclusion that the chalk itself is the 
dned mud of an ancient deep seu. 

In working over the soundings col- 
lected by CaptMn Dayman, I was sur- 
prised to find that many of what I have 
called tho " granules" of tliat mud were 
not, a* one might have been tempted to 
think at first, the mere powder and waste 
of GiobigtriniB, but that they had a defl- 
niie form and size. I termed these 
bodioa " eoeeolith»," and doubted their 
organic nature. Dr. Wallich verified my 
observation, and added tho interesting 
discovery that, not unfrequontly, bodies 
wmilar to these " coccoliths" were aggre- 
gated together into spheroids, which he 
termed " coccospkerss." So far as we 
knetr, these bodies, tlie nature of which 
is extremely pazziing and problematical, 
were peculiar to the Atlantic sonndings, 

Bui, a few yeara ago, Mr. Sorby, in 
making a careful examination of the 
chalk l>y means of iliin sections and 

• During llie criiisB ot H.M.S. Bull-dDg. 

cnmmHtided by Sir Leopold Jl'Clintoek. in 

18fl0, liviuf,' siiif-Bali were broujiLt up, eling- 

ing lo tlie Wwesl part at Ihc Hnundiag-linu, 

from a dcplh or 12B0 fathoms, midway bo- 

Iwrnn Cape Fiiruwcll. in Gicenland, aud Ibe 

Hn-knll hjinUs. Dr. Wallich ascertained 

L 'i.< ~'.L IjiiHrm ut lliis point coDsisLed of 

I ■luh'qrriaa ooze, and tbat tbe 

■" Ui? slar-flsheB were full of (7foM- 

"i li-idiscovotyrumovesallolijeclioua 

:.i ii|. i>i-ri.in;e o( \iv\af( Qlobigeriim at i^naX 

[it'jji li", whk'h are based upi^n the eiippoxed 

dimculty of muiulaining uuimul life under 

•ndi conditions ; and It Ilirows the burden 

of ^roof upon those who object lo the Bup- 

"""•ion tliat tbe G'/itifgeniim live tuid die 



Otherwise, observed, aa Ehrenberg had 
done before him, that much of its granu- 
lar basis possesses a dotinite foim. Com- 
pfiring these fonned particles with those 
in the Atlantic soundings, he found 
the two to bn ioentieal ; and thus proved 
that the chalk, like the sonndinus, con 
tains these mysterious coccolilha and coe- 
cofipheres. Here waa a further and a most 
interesting confirmation, from internal 
evidence, of the essential identity of tho 
chalk with modern deep-sea mud. GloH- 
fferincE, coccoliths, and coccospheres arc 
fonnd as the chief constituents of l;oth, 
and testify to tho general similarity of 
the conditions under which both have 
been formed.* 

The evidence furnished by the hewing, 
facing, and superposition of the stones 
of the Pyratuida, that these structures 
were built by men, has no greater weight 
than the evidence that tho chalk was 
built by Olobigerina ; and tho belief that 
those ancient pyramid-builders were ter- 
restrial and ujr-breathing eruatures like 
ourselves, is not better based than tho 
conviction that the chalk-iuakers lived in 
tho sea. 

But as our belief in the building ol 
the Pyramids byinen is not only ground- 
ed on the internal evidence afforded by 
these structures, but gathers strength 
from multitudinous collateral proofs, and 
is clinched by the total abseuce of any 
reason for a contrary belief ; so the evi- 
dence drawn from the Olahigeriaa thai 
the chalk is an ancient sea-bottom, is for- 
tified by innumerable independent linen 
of evidence ; and our belief in the truth 
of the conclusion to which all positive 
testimony tends, receives the like nega- 
tive justification from tho fact that no 
other hypothesis ha« a shadow of founda- 

Itmay be worth while bricflj to con- 
sider a few of these collateral proofs tliat 
the chalk was deposited at the bottom oS 
tbe sea. 

The great mass of the chalk is com- 
posed, aa wc have seen, of the skeletons 

* I have recenily traced out the develop, 
meat o[ the '" eoccolitUs" from a diametar 
of tAoUi of an inch up to their largeev ^zo 
(which is about tAhIIi)' and "" longer 
doubt that they are produced liy independent 
organisms, wliieli, like the Globiscrtna, live 
and die al the hollom uf llie sea. 
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of Glnhigerinrg, and other Himple organ- 
isms, iiulicdiied in granular matter. 
Hvre iind Ihere, however, thia hardcuQd 
mud uf tliu ancient t«B reveals tlio re- 
mains of liT}!licr animals wliiuh have lived 
and didd, und left their hard parts in the 
mnd, just as the oysters die and leave 
their shells bcliind them, in the mud of 
thej) resent scaa. 

There are, at the present day, certain 
gronpn of animalx which are iiever found 
in frcah waters, beiufc unable to live any- 
where hut in the sea. Such ore the 
corals ; those corallines nhieh arc called 
Poli/zoa ; those creatures which fabricate 
the lamp-shells, and are called Brachiop- 
~ '« ; the pearly N^imtilus, and all animals 

lied to it; and all the forms of sea- 

ihina and star-flshes. 

Not only are all these creatures confined 

salt water at the present day ; but, so 
records of the past go, the 
conditions of their existence have been 
the Eamo : licnce, their occurrence in any 
deposit is as strong evidence as can he 
ohtained, that that deposit was formed 
in the sea. Now the remains of animals 
of ail the kinds which have been enumcr- 
alfid occur iu the chalk, in greater or 
less abundaacc ; while not one uf those 
forms of shell-fish which are characteristic 
of fresh water has yet been observed in it. 

When we i^omider that the remHins of 
more than three thousand distinct species 
of aquatic animals have been discovered 
among the foHsila of tho chalk, that the 
£reat majority of them are of such forms 
tU are now met with only in the sea, and 
that there is no reason to believe that any 
one of them inhabited frush water — -the 
coilaterul evidence that tho chalk repro- 
^ents an ancient sea-bottom acquires as 
groat force as the proof derived from the 
nature of tho chalk itself. I think you 
will now allow that I did not overstate my 
case when I asserted that we have as 
Strong grounds for believing that all the 
vast area of dry liind, at present occupied 
.by the chalk, was once at the bottom of 
tnn sea, as wo hnve for any matter of 
Wslorj' whatever ; while there is no jus- 
"Mcatlou for any other belief. 
" No lesj certain it is that the lime dur- 
.^li; which Ihu ooi;:itries we now call 

Ith-cast England, Fiance, German) , 
id, Russia, Egypt, Arabia, SrriH, 
or less completely covered by 



a dfiep sea, was of conaideralile duration. 

We have already seen thai I he ehalk 
i!i, in places, more than a thousand fctA 
thick. 1 think you will agree wilh i 
that it must have taken eume lim« 
the skeletons of animalcules of a hnii'. 
dredth of an inch in diameter to heap np 
Rueh a mass as that. I have said thH 
throughout the thickness of the chalk the 
remains of other animals are scattered.. 
These remains arc often in the most e 
quisite state of preservutibn. Tho valves 
of the shell-fishes arc commonly adher 
ent ; the lon^ F^pines of some of ihe sea 
urchins, which would be detached hyU 
smallest jar, often remain in iheir placei*. 
In a word, it is curtain thatlhchc nniioall; 
have lived and died when the ji'ace whidt 
they now occupy was tho sniface of tt 
much of the chalk as had then been dfr< 
posited ; and that each has been covered 
up by tho layer of Olobir/erian mud, upon 
which tho creatures imbedded a littlfl 
higher up have, in like manner, lived 
and died. Piut some of theso remains 
prove tho existence of rpptiles of vast slu 
m tho chalk sea. These lived their time* 
and had their ancestors and descendsnta^ 
which assuredly implies time, repdloi 
being of slow growth. 

There is more curious evidence, ag&in, 
that the process of covering up, a 
other wordit, iho deposit of BlobigeriiM. 
skeletons, did not go on very fast. It ia 
demonstraiilc that an animal of the c 
taceous sea might die, that its skeletoii 
might lie uncovered upon the sea-hottoa 
long enough to lose all itsontward covep 
iogs and appendages by putrefaction ; 
.lud that, after this had happened, anothei 
animal might attach itself to the dead a 
naked skeleton, might grow to niatnrityi. 
and might itself die before tho calcareoDv 
mud had buried tho whole. 

Cases of this kind are admirably ( 
scribed by Sir Charles Lyell. Uo apei 
of the frequency with which geolofjisl 
find in the chalk a fossilized Hca-nrchi% 
to which is attached the lower valve of S 
Crania. This is a kind of shell-fish, 
with 11 shell composed of two pieces, of' 
which, as in the oyster, one is Bxed and 
tho other free. 

" Tho upper valve is almost invariably 
wantiiiir, though occasionally found in ft 
peilvct KMio of preservation in the white 
cliulk at some distance. In this c 
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c charly that lliQ sea-urcliin first lived 
from yoLitli ta age, tlioii died kiiiI lost its 
yiits, wliieli wpr» curried »wfiv. Tben 
llio youut; Crania ndlicred to tlic Itircd 
aliell, grow and perished In ils luro ; 
after wliicli, the upper valvu wns wpii- 
lated from tlio lower, liefore iho Echiims 
became cuvdoped in chalky luiid," * 

A speciiuon in the Museum of Practiual 
0«o1t)g_v, in London, still further pToluDir? 
till! period wliich innst have elajised l>e- 
tweeri the death of the tt«a-iirchin and 
its burial by the GlolngeTince. For t!ie 
ontward face of the valrs of a Crania, 
nbteh ia altaulied to a eea-urchin {Mi- 
crotfer), is itself overnia by an incruating 
oonUline, whinb spreads thence over more 
or loss of the surface of the ijca-urchiu. 
Ufulluws that, after the upper valve of 
tho Omnia fell off, the Hurface of the at- 
tadind valve must have remained exposed 
Iduj; enough to allow of the growth of 
tlw nholi; coralline, fince corallines do 
n<A live imbedded in the mud. 

Tha progress of knowledge may, one 
4*y. enable ua to deduce from sttch facta 
■a ihesc tlie maximum rate al which the 
dmik can have acuuin dated, and thus to 
atrivo at the minitnuin duration of the 
challf pfiiod. Suppose that the valve of 
lfa« Ct'naiii upon which a coralline has 
fixod itself in the wuy just described is 
so attached to thp. Hca-utchin that no part 
of it ia more than an inch above the face 
iqwn which the sea-urchin rests. Tiien, 
U the coralline could not have fixed it- 
t^f, if ihu Crania had becu covered up 
with chalk inud, and could ngt have lived 
ttad itself been so covered, it follows, 
tliat an inidi of chalk mud could nut have 
■conmnlated within the lime between the 
dMltli and decay of the soft parts of the 
BM-Wchin and the growth of the coralline 
to tlio full size which il has attained. If 
the decay of tha soft parts of the sea- 
oruiun ; the attachment, growth to ma- 
tarity, and decay of the Crania ; and 
the aahscqueut attschuicnt and growth 
kif tho coralline, took a year (which is a 
ti»w ostimutc enough), the accumulation 
uf the inch of chalk roust have taken 
mnro than a year : and the deposit of a 
ihouaand feet of chaUc must, consequent- 



ly, have taken more than twelve thoit- 
sund years. 

The foundation of all this calculation 
ia, of course, a knowledge of the length 
of time the CraniaaaA the coralline need- 
ed to attain their full size ; and, on this 
head, precise knowledge is at preeeot 
wanting. But there are circumstances 
which tend to show that nothing like ^i 
inch of chalk lias accumulated during; the 
life of a Crania; and, on any ]>ri>biible 
estimate of the length of that life, tht: 
chalk period must have had a much 
longer duration than, that thaa roiighly 
assigned to it. 

Thus, not only is it certain that the 
chalk is the mud of an ancient sea-bot- 
tom ; but it is no less cerlain that tha 
chalk sea existed during an extremely 
long period, though wo may not bo pru- 

t tared to give a prcciso estimate of the 
ength of that period in years. The rela- 
tive duration is clear, though the abso- 
lute duration may not be definable. The 
attempt to affix any pieaise date to the 
period at which the chalk sea began or 
ended its existence, is balked by diffi- 
culties of the same kind. But the rela- 
tive age of til" .cetaceous epoch ma^ be 
determined with as great ease and cer- 
tainty as the long duration of that epoch. 
You will have heard of the interesting 
discoveries recently made, in various parts 
of Western Europe, of tlint implements, 
obviouslj worked into shape hy liunian 
hands, under circumstances which sliow 
conclusively that man is a very anciect 
denizen of these regions. 



lations of 

been revealed to i 

( f savages, such 



this way, consisted 

he Esquimaux are 
1 ow ; tiiat, in the country which is now 
•ranee, they hunted the reindeer, and 
were familiar with the ways of the mam- 
moth and the bison. Tiic physical geog- 
raphy of Franco was in those days differ- 
ent from what it ia now — the rivei 
Somme, for instance, having out its bed 
n hundred feet deeper between that time 
and this ; and it is probable that tlie 
climate was more like that of Canada or 
Siberia than that of Western Europe. 

The existence of tlicso people is for- 
gotten even in the traditions of Ibc old- 
est liistorical nations. The name and 
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of tlicm lind iiHorly vaiiisliod until 

!w years liack ; and tlie amount of 

il change wljicli lins been cfEected 

I Ibeir any renders it Triore than 

Kobablo that, vuuerablo as nrc some of 

pie liistorical nations, the workers of the 

Jhippeii flints of Hoxne or of Amiens are 

' I them, as they arc to ns, in point of 

intiquity. 

But, if we assign to these hoar relies 

f long-vanished generations of men the 

greatest age tliat can possiijly be claimed 

for ihem, they arc not older than the 

_ drift, or boulder clay, whieh, in com- 

ison with tlic chalk, is but a very 

inile deposit. You need go no fur- 

r than your own sea-hoard for evi- 

icncc of ihis fact. At one of the mOHt 

jhanning spots on the coast of Norfolk, 

ronuT. you will bob the boulder clay 

nnitiij; a vast mass, which lies upon the 

alk, Bud must consequently hove come 

) existence after it. Huge boulders 

{ chalk arc, in fact, inchided in the clay, 

iinti have evidently been brought to the 

Josition they now occupy by the same 

ngeney as that which has planted blocks 

syenite from Norway side by side with 



The chalk, then, is certainly older than 
boulder clay. If you ask how mnch, 
will again take you no further than the 
imo spot upon your own coasts for evi- 
:c. I have spoken of the boulder 
and drift as resting upon the chalk. 
^. . is not strictly true. Interposed 
'between the chalk and the drift is a com- 
paratively insignificant layer, containing 
vegetable matter. But that layer tells a 
wonderful history. It is full of stumps 
of trees standing as Ihey grew. Fir-trees 
are there with their conea, and hazel- 
bushes with their nuts ; there stand the 
stools of oak and yew trees, beeches and 
ialdera, Hence this stratum is appropri- 
lely called the " forest-bed." 

's obvious that the ehalk luuBt have 
upheaved and converted into dry 
md before the timber trees could grow 
ipon it. As the bolls of some of these 
are from two to three feet in diame- 
ter, it is no loss clear that the dry land 
formed remained in the same con- 
lilion for long ages. And not only do 
lie remains of stately oaks and well-grown 
'" testify to the duration of this condi- 
of things, but additional evidence to 



the same effect is afforded by the abum 
ant remains of elephants, rhinocerow'*, 
hippopolamuses, and other great wilij 
beasts, which it has yielded to the zealous 
search of anch men as the Rev 
Gunn. 

When you look at Rucfa a collection ai 
he has formed, and bethink yon tha( 
these elephantine bones did Tcritablj 
carry their owners about, and these greil 
grinders cniuch, in the dark woods ft 
which the forest-bed is now the onlj 
trace, it is impossible not tn feci that the^ 
are as good evidence of the lapse of ti 
as the annual rings of the treo-stnmpB. 

Thus there is a writing upon tho wal 
of cliffs at Cromer, and whoso 
read it. It tells ns, with an antfaoritj 
which cannot be impeached that the bB" 
eient sea-bed of the chalk sea was rwBcd 
up, and remained dry land, until it wiair 
covered with forest, stocked with ti 
great game whose spoils have rejoia 
your geologists, IIow long it remaini 
in that condition cannot be Mid ; bal 
'' the whirligig of time brought its i 
venges" in those days as in these. Th4 
dry land, with tho bones and teeth < 
generations of long-lived elephants, Md 
den away among iho gnarled roola an^ 
dry leaves of its ancient trees, gankgradu' 
ally to the bottom of the icy sea, whict 
covered it with huge masses of drift an^ 
boulder clay. Sea-beasts, such aa t 
walrus, now restricted to the eirtremi 
north, paddled about where birds 1 
twittered among the topmost twigs of th 
fir-trees. IIow long this state of tMng 
endured wo know not, but at length it 
came to an end. Tho upheaved glacial 
mud hardened into tho soil of modera 
Norfolk. Forests grew once more, tilt 
wolf and tho beaver replaced the reindea 
and tho elephant ; and at length vbal 
wo call tho history of England dawned. 

Thus you have, within tho limita of 
your own county, proof that the chalk 
can justly claim a very inuch greater an- 
tiquity than even tho oldest phyucal ti 
of mankind. But wo may go furtbei 
anu demonstrate, by evidence of tho Bam4 
authority as that which testifies to the 
existence of tho father of tneii, that thS' 
chalk is vastly older than Adam himself^ 

The Book of Genesis informs us thak 
Adam, immediately upon his creattODi 
and before the appearance of Eve, ■ 
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iiloced in tlie garden of Etlen. The proii- 
lem of tie goopraphical position of Eden 
lias prcatly vcstd tlie spirits of the leornod 
in Buch nii<tteni, I'lit there is one point 
respecting which, bo far as I linow, no 
wminentalor lias ever raised a. doubt, 
This is. that of tlie four rivers which cro 
md lo rnn out of it, Enplirates and Hid- 
dokd are identical with tliu livers now 
Idiown by the names of Euphrates and 
Tiffris. 

But the whole country in which 
these mighty rivers take their origin, and 
through which they run, is compesed of 
rocks which are either of the snmp aire as 
Uio chalk, or of later date. So tliat the 
phalk must iiot only iiave been formed, 
but, after its formation, liie time required 
for tho deposit of these later roeka, and 
for tlieir upheaval into dry lund, must 
havo elapsed, before the smallest broelc 
which feeds tho swift piresm of " tlie 
irrcst river, tho river of Babvlon." beijan 
ta flow. 

Thna, Dvidencc which cannot bo re- 
bntteii, and which need not be strength- 
ened, though if time permitted 1 iniglit 
iadi-tinitcly increase its ijuanlity, compels 
ypii to believe that tho earth, from tlic 
toie of the chalt to the present duy, has 
been the Iheatro of a series of changes 
M Tast in their amount as they were 
dow in their progress. The area on 
which we stand lias been £rst sea and 
tken Isnd, for at least four iilteraation.t ; 
and lins remained in each of these condi- 
tuma for a period of great Icnglli, 

Nor have these wonderful iiietamor- 
pboses uE ttea into land, and of ktid into 
wo, been confined to one comer of Eng- 
bmd. During the chalk period, or 
" erelaeeous epoch," not one of the 
prvMiil great physical features of the 
l^obo was iu existence. Our great inoun- 
Ulti ranges, Pyrenees, Alps, Himalayas, 
Aiulna, have all been iipheuvcd since tho 
chalk iva» deposited, and tho cretaceous 
icK [lowed over the sites of Siaai and 
Annt. 

All this is certain, becanao rocka c-i" 
crutoccoiis or still latec date bavo sbai-ed 
in tbc elevatory movenienta which gave 
iit<: to tlieso mountain chains ; and may 
be found perched iij , in scne eases, 
Uiany tho.isaiid feet high upon tlieir 
danlu. And evidence of equal i">ijkh"v 



demonstrates that, though in rforfollc 
the forest-bed restn Itrec-lv upon tho 
chalk, yet it does an, not because tlio 
period at which the fores' grew im- 
mediately followed thaf, al> w-hioli the 
chalk was formed, hut bocftuse a;i immcDse 
lapse of time, represented eJsewiiero by 
thousands of feet of rock, isnotinui^iatM 
at Cromer. 

I nmst ask you to bcUevo that there is 
no Iqbs conclusive proof ♦hat a still'Tuore 
prolonged succession of aimi'ar changes 
occurred, before tho chalk was deposited. 
Nor havo wo any reason to think that 
the first tiTtn in the series of these changes 
is known. The oldest sea-bods preserved 
to us are sands, and nintU and pebbles, 
the wear and tear of rocks which were 
formed in still older oceans. 

But, great as is the magnitude of these 
Iihysical changes of the w-orld. they have 
been accompanied by a no less striking 
series of modifications in its liring in- 
habitants. 

All the great classes of animals, beastn 
of the field, fowls of the air, creeping 
things, and things wiiich dwc!! in the 
waters, flourished upon llio globe long 
ages before the chalk was deposited. 
Very few, however, if any, of these an- 
cient forma of animal life were identici 1 
with those which now live. Certainly 
not one of tho higher animals was of the 
same species as any of llioac now in ex- 
istence. Tho bejists of tho tcld, in tbo 
days before the chalk, were not our beasts 
of the field, nor the fowls of the air such 
as tboso which llie eye of men has seen 
flying, unless his antiquity dates infinitely 
further back than we at present surmigc. 
If we could be carried hack into those 
times, wo should bo aa one suddenly set 
down in Australia before it was colo- 
imed. Wo shodd sec mammals, birdS; 
reptiles, fishes, insects, snails, and tho 
like, clearly recognizable as such, and yet 
not one of them would he just the same 
as those with which wo are familiar, and 
rcany would bo extremely different. 

From Uiat timo to tho prescni, (lie 
population of the world lias undei„\iij 
slow and gi'aduul, but incesijtr.;, charges. 
There has been no grand ct^autropho — 
no destroyer has swc-pt away tiio forma 
of lnu of one period, and replaced thv.a 
by a to'^lly tew creation ; but oiiO Bpo- 
cies has vErished and another has late*.! 
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[! Hb p-ico ; creat-ircB of one type of ttruc- 
! liuro (liininiBboi), those of another 
I innrewcd, m time has paucd on. 
il tliiw, whil'j the diflcrences between 
I living urcHturoB of the time before 
I clnlk and those of tho present day 
^pear startling, if placed aide by side, 
M are led from one to the other by tho 
no«t ccradtifll progress, if y/e follow tho 
e of Nflture through the whole series 
inse relics of ber operations which 
iLB left behind. 
. And it is by the population of the 
flialk sea that the ancient and the mod- 
1 inhabitants of the 'vorld i>re most 
wtnplctely connected. The groups 
^hich arc dying out Nourish, side by 
Wde, witli the groups which arc now tho 
|floniiti»nt forniH of life. 

Thiis the chalk contains remains of 

ttcso strange flying and Bwimming rep- 

liUeB, tho plerodactvl, the ichthycsaurua, 

Wtui tho plesiosaurus, which arc found in 

UDO later deposits, but abounded in prc- 

Bificding ages. The chambered shells 

P-Oalled ammonites and belemnitcs, which 

so characteristic of the period preced- 

l.lng the cretaceous, in like manner die 

t Villi it. 

Bui, among thono fading remaindera 
r of a previous state of things, are some 
f nry modern forms of life, looking like. 
Yankee peddlers among a tribe of red In- 
f dians. Crocodiles of modem type ap- 
I pear ; bony fishes, many of them very 
.tlmilai' to existing species, almost sup- 
I plant the forma of hsh which prndomi- 
) Date in more ancient acus ; and many 
kinds of living shdl-fish first become 
Icnown to UH in tho ehalk. The vegeta- 
tion aoqaires a modern aspect. A few 
Kvin,; animals arc not oven dihtin^-Hishable 
■a species from those which csiated nt 
that remote epoch. The Globii/a-ina of 
the present dty, for example, is ;.ot 
different specifically from that of ihe 
chalk ; and tho snme may bo said of 
many other Foramini/tra. 1 Ihink it 
probable that critical end unpicjudiced 
Oxami.iHtion will show that more than 
one species of much higher . :iimnls have 
hed n similar longevity ; but the only 
Gxnmplo which I can at present give con- 
B fidently is llio enakc's-bead lamp-shell 
{Tei:bralvlina eaput HTpmth), whicl' 
lives m orr English scaa and al'onndcd 
(as Trr >iratHtina striata of anihorsj 11 



the chalk. 

The longest lino of hom.-rn ancertry 
must hide its diminished liead before \m 
pedigree of this insignificant phell-Bsbj 
We Englishmen are proud to havo ai 
ancestor who was present at the Battle o 
Hastings. The anceslore of Terebratttlbid 
tapui xerpends may hare been present ■" 
a battle of Jchlkyomuria in that part ol 
the se.t wldch, when the chalk was fonu 
ing, flowed over the site of HaHthigB 
While all around has chanjifed, this Ttr 
liTatutina has peacefully propagated i 
species from generation to ^nentioit 
mid stands to this day as a living testi- 
mony to the continuity of the pi 
with the past history of the globe. 

Up to this moment 1 have stated, t 
far as I know, nothing bnt well -ant hent& 
eated facts, and the immediate eondl& 
Bions which they force npon the mind. 

But the mind is so constituted that I 
does not willingly rest in facts and im 
diate causes, but seeks always after 1 
knowledge of tho remoter links in tbi 
chain or causation. 

Taking the many changes of anygivei 
spot of tho eanh'B surface, from sea ti 
land and from land to sen, as an estnb 
lished fact, wo ':annot refrain from ask; 
ing ourselves how these changes havt 
occurred, rtiid when we have explmne' 
them — ..a lliey mu-t ho explained — -h 
the alternate slov movements of flew 
tion and depression which have afleatd 
tho cniat of the earth, we go still fnrthel 
bac!;, and ask, Why these movements I, 

I am not certain that «ny one can girt 
you a sBtisfaotory answer to that quetf 
tion. Assuredly I ea.mot. All that cai 
be said for certain is, Jiat such mova 
mcnts are pa* of tho ordinary course ra 
nature, inasmuch as they are going on ti 
the present time. Direct proof may bt 
given, that some parts of the land of thi 
northern hemisphere are at this momeir 
insensitily rising and others inaensibl] 
sinking ; end there is indirect but |: 
feetly sa'.ihfaclory proof, that an en 
mous ar^r. now covered by the Pacifio 
been deepened thousaads of feet s' 
the present inhabitants of that sea c 
into existence. 

Thus there is not a sfcadjw of a n 
for believing that the physical eba:igesa 
the globe, in past times, have 
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tiffpcled hv other than natnral cansea. 

Is there any more reason for believing 
Jttt the conccmitant inodiliciitioD.i ia tlio 
'onns of the living inbabitanla of t!ie 
^abchavQ been bro'jg''t ahoat in ot'jcr 

Beforo attempting to answer ihja fjucs- 
ion, let us try to form a disLiiiL't iiientiil 
aicinre of what baa happened in some 
kpedal case. 

Thg crocodiles are animala which, as a 
group, have a very vast antiquity, They 
kliounded ages before the chalk was de- 
pnutcd ; tboy throng the rivers in warm 
«linates, at tbo present day. There is a 
differeniio in the form of the joints of 
tin liHckbond, and in some minor par- 
tienLim, between the crocodiles of the 
Iirescnt epoch and those which lived be- 
ww the chalk ; but, in the cretacuons 
Cpoi'ti, 39 I have already mentioned, the 
'crucodilos had asanmed the modem type 
of structure. Notwithstanding this, the 
wjcodilos of the ehalk are not identically 
tli« sumo a^ IhoKo whieb lived in the times 
laltfd " oilier tertiary," which snccceded 
the cretaceous epoeh ; and the crocodiles 
of the older terliariea aro not identical 
with those of the newer tcrtiaries, nor are 
tliMc identical with existing forms. I 
Iwive 0{ieD the question whether particu- 
Iw species may have lived on from epoch 
to epoch. But each epoch has had its 
pooollw crocodiles ; though all, since the 
cbalk, bare belonged lothc modem tvpe, 
nd differ simply in their proporfiona 
Had in such structural particularn as are 
discarniblc only to trained eyes. 

Iii>w is the existence of this long sue- 
ewaion of different species of crocodiles 
to be aecounted for ? 

Oaly two suppositions seem to bo open 
U Da — Either each species of crocodile 
tUA been spocially created, or it lias drisen 
mt of Boiiio pre-existing form by the 
eperation of natural causes. 

Chooseyonrhypothe^ia ; Ihavochoson 
nticw. r can find oo warranty for believ- 
ittf in tlia diatinct crttation of a scoro of 
taniveirc spcciea of crocodiles in tbs 
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eeaaEty of a comaienutor pp, 
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wUcll the writer of Genesis ' 
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the Creation. 

On the i>thir hand, I see no good roa- 
son f^r doubling the ueeeasary alterna- 
tive, that al! these varied species havo 
been cvoh ed from pre-existing crocodil- 
iun forim \>y the cperation of causes as 
(iQ.'Tipletely ji part of the eoinnion order 
of natui'e ei^. those which havo effected 
the changes of the inurganic wurld. 

Few will vontnrc to affirm that tho rea- 
soning which applies to erocudilcs Joaos 
its force among other animals or among 
plants. If one series of species line ootne 
into existence by the operation of natural 
cauaos, it seems folly to deny that all may 
havo arisen in tho same way. 

A small beginning has led ustoag^'eat 
pnding. If I wore to put the bit nf ehalk 
with which we started into the hot but 
obscure flame of burning hydi-ogen, it 
would presently shine like the snn. It 
seems to me that this physical metamor- 
phosis is no false image of what has bean 
the result of our subjecting it to a jet of 
fervent, though nowise brilliant, thought 
to-night. It has become luminous, iind 
its clear rays, penetmting the abyas of 
the remote past, have brought within our 
!:en some stages of the evolution of the 
earth. And in the shifting '-without 
haste, bnt witkout rest" of the land and 
sea, as in the endless variation of the 
forms assumed by living beings, we have 
obseri-ed nothing but tbo natural jiroduet 
of the forces originally possessed by tho 
substance of the universe. 



GE07.0G1CAL CONTEMPORAKEITT 
AND PERSISTENT TYPES OF 

LIFE. 

MEncHANTS occasionally go through a 
wholesome, though troublesome and not 
always satisfactory, process which they 
term " taking stock." After all tho ex- 
citement of speculation, the pleasure of 
gain, and the pain of loss, the trade; 
makes up his mind to face facts had to 
learn tho oxaut quantity and quality of 
his solid and reliable possessions. 

The man of science does well 80roe> 
times to imitate this procedure ; and. 
foigettiog for the lime the importance of 
\i\a oin small winnings, torc-exHrninctbe 
eoraraim stock in trade, so thiil he may 
make sure how far tho stock of biilll<;ii& vci 



ON TIIE PnYSICAL BASIS OF LIFE. 



the cellar — on the faith of whose exitt- 
ence so much psper lias jccn oireulating 
— is really the solid (roM of trnth. 

The Anuiveraary Meeting of the Geo- 
logical Socioty sceiDs to be .in occasion 
well Huited for an undertaking of litis 
, kind — for nn inquiry, in fact, into tie 
Lnataro and value of the present results of 
I palicontological invosUgation ; and the 
r Inore so, aa all thoao who have paid close 
attention to the late multitndinoufl dia- 
cuasiona in wliich palaj ontology is impli- 
cated, must have folt the urgent necessity 
of some such scratiny. 

First in o"dcr, as the most definite and 

inijuestioQablo of all the results of pala?- 

lontology, must lie mentioned tlie im- 

H<)nonflc extension and impnlse given to 

I botany, zoology, and comparative anato- 

I'Oiy, by the invosligaUon of fossil rc- 

Indeed, the mass of bioiogical 

' facta has been so greatly increased, and 

the range of biological speculation has 

been so vastly widened, by the researches 

of the geologist and palfcontologist, that 

it is to be feared there are naturalists in 

existcDCO who took upon geol»^y as 

Brind ley regarded rivers, "Riverb. " 

said the great engineer, " were made to 

feed canals i" and geology, some seem to 

think, was solely created to advance cona- 

parativo anatomy, 

'NN'ereBachathoughtjustifiable, it could 
hardly expect to be received with favor 
by this assembly. But it is not justifi- 
able, i'our favorite scieneo has her own 
great aims independent of all others; and 
if, notwithstanding her steady devotion 
to her own progress, she can scatter such 
rich alma among her sisters, it should bo 
remembered that her charity is of the 
sort that does not impoverish, but 
■' bleaseth him that gives and him that 
takes." 

Regard the matter as we mill, however, 
the facta remain. Nearly 40,000 species 
of animals and plants have been added 
to the Systema Nature by paliconto- 
logical research. This is a living popu- 
lation equivalent to that of a new conti- 
nent in mere number ; equivalent to that 
of a new hemisphere, if we take into ac- 
count the small population of Insocls as 
yet found fossil, and the large i>roportion 
and peculiar organization of many of tito 
Vertebruta. 

But, beyond this, il is perhaps nni too 



much to say that, encept for the neces- 
sity of interpreting paliuontolngical facts, 
liio laws of distribution would have re- 
ceived less careful study ; while few eoin- 
paralive nnatomisis (and ihoae not of the 
first order) would have been induced by 
mere love of dclail, as sueh, to study the 
minulio! of osleolojn", were it not lh«l in 
auch miniilia! lie tne only keys to iJia 
most intcresling riddiea offered by the 
exiiirCt animal world. 

These asiuredly ore great and soliii 
gaina. Surely it is matter for no siiiidl 
congralulatioij that in half a century (for 
pal If on to logy, though it dawned earlier, 
came into full day only with Cuvier) h 
subordinate branch of biology should 
have doubled the value and the interest 
of the whole group of sciencca to which 
it belongs. 

But this ia not all. Allied with gcolo- 
g}-, paiseontology has eetablislied two 
laws of ineatimable importance : the first, 
that one and the aame area of the earth's 
Burface has been succeaaively occupied by 
very different kinds of li^•ing beings ; t!ie 
second, that the order of succession es- 
tablished in one locality holds good, ap- 
proximately, in all. 

The first of these laws is nniversal an] 
irreversible ; the second is an inductll 
from a vast number of ohservatif 
though it may possibly, and oven pro! 
bly, have to admit of exceptions. Aa' 
consequence of the second law, it foUoi 
that a peculiar relation frequentlysubsK 
between series of atrala, containing ~ 
ganiu remiuna, in different local" 
The series resemble one another, not on) 
in virtue of a general rcscmblanea of 
organic remains in the two, bat also 
virtue of a resemblance in the order 
character of the serial auccession in eadh. 
There ia a rescmblanco of arrangement ^ , 
ao that the separate terms of each serieVf^i 
aa well as the whole series, exhibit a cot- 
re aponde nee. 

Succeasion implies time ; the lower 
members of a series of sedimentary rocks 
are certainly older than the tipper ! and' 
when the notion of age was oni:e Intro* 
dueed as the equivalent of succession, it 
was no wonder that correspondence is 
succession came to be looked upon at 
correspondence in age, or " contempo- 
raneity." And, indeed, so long aa rwa- 
tive age ouly is spoken of, correspond- 
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t correspondence in 
uff! ; il ia relative contempnraneity. 

Itot it would havo been very muoli 
Wtler for goology if so loiiso und am- 
biguous a word as " contemporaneous" 
liad been excludodfrom her terminology, 
xud If, in its stead, sonte t«rm expressing 
wmtlarity of aerial relation, and cxciud- 



tllesQ pretetiaions of paleontology. 

Every one is aware that I'rofeswr 
Bronn'a " Untcrauehungen" and Profes- 
sor Pictet'B " Trait^ de Paleontologie" 
arc works of standard authority, famil- 
iarly consulted by every working palason- 
tologist. It is desirable to speak of these 
excellent books, and of their listin- 
guished authors, with the utmost respect. 




ing the notion of time altogether, had ond in a tone aa far as poMible removeci 



beeu employed to denote correspondence 
ia position in two or mora series of strata. 

In anatomy, where such correepond- 
ence of position has constantly to be 
^ken of, it is denoted by the word 
"homology" and its derivatives; and 
for Geology (wbicl) after all is only the 
anatomy and physiology of the earth) it 
might be well to invent some single word. 
«aon as " bomotaKia" (similarity of 
Drdiir)i in order to express an essentially 
nitnjlsr idea. This, however, has not 
been done, and most probably the 
quirv will at ' . -. . . 

burjon scicn 

lenn in place of one old, famili; 
put of our common language 1 

The reply to this question will become 
obvious as the inquiry into the results of 
jialiBontology is pushed further. 

Tlioso whoso business it is to 
themselves specially with the 



earplug criticism ; indeed, if they 
are Bpectally cited in this place, it Is 
merelv' in juattfication of the assertion 
that the following propositions, wbicli 
may be found implicitly or explicitly ii. 
the works in question, are regarded by 
the muss of paleontologists and gool"- 
gists, not only on the Continent bnt in 
tills country, as expressing; some of the 
best-established results of palaiontologj-. 
Thus; 

Animals and plants began tlieir exist- 
ence together, not long after the com- 
be made — To what cud inencemKUt of the deposition of the sc'i- 
ith a now and strange mentary rocks ; and then Buceccdod oiv- 
another, i-i such a manner, that tittilly 
distinct fauniD and florio occnp)<id the 
whole surface of the earth, one af'cr tbo 
other, and during distinct epochs of time. 
A geological formation is th sum of 
iijuaint all the strata deposited over the whole 
■fcs of surface of the earth during one of tlieso 



palnoutologlsls, in fact, will be fully epochs : a geological f; 
■ware tliat verv few, if any, would rest ^ n .1 - ■ 

uluRcd with such a statement of the 
couduaions of their branch of biology as 
Uiat wLifh has just been given. 

Our standard repertories of palaxinto- 
Ipgy profess to teach us far higher things 
— lo aisciose the entire succession of liv- 
ing forms upon the surface of the globe ; 
to toll iiB of a wholly diSerent distribu- 
tlou of climatic conditions in ancieat 
limea ; to reveal the character of the first 
■of all living existences ; and to trace out 
tha law of prc^ess from them to 



13 the 
of all the speeics of animals or plants 
which occupied the whole surface of tue 
globe, during one of these onochs. 

The population of the <'arth's surface 
ivas at first very similar m all parts, and 
only from the midille of the Tertiary 
epoch onward, began CO show a distinct 
distribution in zones. 

The constitution of the original popula- 
tion, as well as the numerical proportions 
of its members, indicates ii warruer iinj, 
on the whole, somewhat tropical eliinatr, 
which remained tolerably ji]Ual'Io 



Il way not be unprofitable to bestow throughout the year. The subsoijiienti 
<pu tlieso professions a somewhat more distribution of living beings iti zones in 
■erftlcal examination than tliey hsvc the result of >i gradual lowering of the 



biUicrto received, i 
htw far they rest 



: to ascertain 
1 irref ridable 
r whether, after all, it might not 
1w well for paleeontologists tj learn a Ut- 
ile wore carefully that sjier^tific " ars 
vtium," tho art of saying "I O.on't 
know." And to thii end let us define 
jomcwh. t more exactly the enteut of 



leral temperature, which first began t 
to felt at the poles. 

It is not 
V* jcther the; 
but to direct your attention to a much 
simpler tliougb very essential preliminary 
question — Whai is Ihp'iz jogieal basis < 
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I ■what nro tho fundamontal assnmiitions 
on whicli they iill lojiiculty Jeticntl ! 
i wkat is lltfi fviilrni-c 0:1 wljicli' those 
F inndaiiicnld iirofiiisilion;! di'inand our 
I usentf 

Tlieso ossuni pi 10119 arc two : the first, 
f that Iho cyniincnecnlont of tho geological 
teeord is coeval with tliu commencement 
1 of life on the glohc ; the second, that 
■.geological contemporaneity is the wimu 
'hiog as chronological synchrony. With- 
ut iJio first of these ussumptions there 
Would of course he no ground for any 
■tatemcnt respecting tho commencement 
if life ; without the second, all tho other 
tateinonts cited, cverr one of which iin- 
" 8 a knowodgc of tfie utato oE different 
•^ of tho earth at one and the same 
c. will be no leas devoid of demon- 
lion. 

lie first assumption obviously rests 
itirely on negative evidence. This is, 
*f course, the only evidence that over 
ailabie to prove the commeTiee- 
inenl of any series of plioiiomeoa ; hnt, 
at the aamo time, it mast bo reeollected 
that the value of negative evidence de- 
pends entirely on the amount of positive 
corroboralion it receives. If A, B. 
.Irishes to prove an alibi, it is of no use 
■for him to get s thousand witnesses sim- 
'ply to swear that they did not see him in 
such and such a place, unless the wit- 
nesses are prepared to prove that they 
must have'seen him had he heen tliere. 
But the evidence' that animal life com- 
menced with the Li ngu la- flags, e.g., 
would seem to be exacUy of this unsatia. 
factory uncorroborated sort. The Cain- 
hiian witnesses simply swear they 
haven't seen anybody their way ;" 
;Wpon which the counsel for tho other 
, >ido immediately puts in tin or twelve 
["ihimsand fiet of Devonian tandntones to 
ku oath they never saw a fish or a 
lolluet, llioiigh r11 the world knows 
lerc were plenty in their lime. 
But llcn it is urged that, though the 
evonian rocks in one part of the Moild 
hibit no fossils, in another Ihey do, 
aile Ihe lower Cambiian rocks nowhere 
' 'hit fossils, and hence no living heing 
A have existed in their epoch. 
this there are two rtpliin ; the first, 
it tlio observational basis of the asser- 
iLat the lowest roeks are nowhere 
tliferous is an amazingly email one, 



seeing how very small an sito, In en 
parison to that of the 'whoio i\oriii. 1 
jet heen fully searched ; ihu second, ti. 
the argument is good forivothing utls 
the unfoBsiliferous rocks in question wd 
not only eonlemporantois in the | 
logical sense, hut Bynchrotiotis in 
chronological sense. To use the al- 
illuslration again. If a man wishes 
prove he was in neither of two places, 
and 13, on a given day, his witnesses f 
each place m'ust he prepared to ansv 
for tlio whole day. If they can ot 
prove that he -was not nt A in ih<> trim 
ing, and not at B in the afttmoon, t 
evidence of his absence from bolli is n 
because he might have been at B in t 
morning and at A in the afternoon. 

Thus everything depends upon t 
validity of tho second assumption. Ai 
1VC must proceed to inquire whnl is t 
real meaning of the word " contempiwi 
ncous'' as employed by geologists. 1 
this eiidaconcretc example may be taltel 
The Lias of England and the Liasl 
Germany, tho Cretaceous roeks of BrStsI 
and the Cretaceous rocks of SoDlhei 
India, are termed by geologists " CW 
tern poran cons" formations; b * 
ever any thoughtful geologist 
wbetlicr ho roeana to say that they wei 
deposited synchronously, he uBys, " Jl 
— only within tho same great epocli.' 
And if, in pnrsuing the inquiry, hfl \ 
asked what may ho the approximate vah^ 
in time of a " great epocli" — whether i 
means a hundred years, or a ihonsand, d 
a million, or ten i"illion years — his repV 
is, " I cannot tell." 

If tho further question ho put, vrhethc 
physical geology is in possession of K" 
method by which the actual synchro 
(or the reverse) of any two dijtaat d 
[i.jaits can be ascertained, no such mcA 
can bo heard of ; it being admitted t 
all the best authorities that neither nitt 
tarity of mineral composition, nor of phV! 
sical character, nor even direct contimii^ 
of stratum, are absolate proofs of t'^^ 
synchronism of even approximated ra 
mentary strata : while, for distant c 
posits, there seems to bo no kind of plqr, 
sical evideneo nttainablo of nn-jturc coin 
petentto decide whether such dopout 
were formed simultaneously, or whetlic 
they possess nny givon diSerenue of ait 
tiquity. To 'tlnrn to nnexapipla aim&J 
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{jiven. All competent authorities will 
probably asi^nt to tlio proposition that 
pliyaioal geology dooa not enable us in 
any way to reply to tliia quostion — Were 
tba Britiab CretaceouA rocks deposited at 
llid sanie time as those of India, or are 
they a million of years younger or a 
million of years older J 

b paliQoiitology able to aaccced where 
physical geology fails ? Standard writers 
op palsoQtology, as has been seen, as- 
tame that she can. Tbey take it for 
gnotodi that deposits containing similar 
caKi^i<: remains arc synchronous — at uny 
rato in a broad sense ; and yet, thoaa 
who will -tmly the elcveiitb and twelfth 
clioptars of Sir Henry Do la Beche'a re- 
mancablu " Itesearchoa in Theoretical 
Geology," publiahed now nearly thirty 
Jtatn an", and will carry out tho ai^- 
nwate there most luiniuously stated, to 
tlifiir logical consei\ucnees, may very 
uwily cuin'iiico tliomaelves that even absu- 
latu tdiintitj' of organic contents is no 
pnHif ot tho synchrony of deposits, whilo 
■WIdLo diversity is no proof of diSer- 
aaea of date. Sir Henry Do la UecUo 
goat even further, and odducca oimulii- 
mo ovidcnee to show that the ditfcrcnt 
parta of oi>c and the suttie strntum, hav- 
ing A Biiniljir composition thron<;hoa[i, 
oi»tiunin<r Hie aarae oi^anie remains, 
and having similar beds above and bclusr 
it, ii>ay yet diflcr to any conceivable ux- 
tcDtin ^<<. 

Edward i'orbus was in the habit of ns- 
(ntiRg that the similarity of tho oi^aniu 
contuats of distant formutiona was primA 
fixit uvldcnco, not of their similarity, but 
ot tlietr difference of ngo ; and holding 
Mho did tho doctrine uf single speclfio 
«!Iltn!S, tho conclusion was as legitimate 
a» BPy utlicr ; for the two distrieta muat 
imo been occupied by migration from 
OUD of th'' two, or from un intermediate 
aput, und the chances against exact coin- 
dUenoo (if migration and of imbedding 
axa intluitu. 

In puint of fact, however, whether 
tiu Itypulheais of single or of multiple 
fpecinu centres he adopted. ai.r>ilarity of 
u^faalu coutcDta cannot possibly aifuid 
say prouf of tiio s^iiehrouy of the de- 
(MnLi which contain them ; on the con- 
tnry, il !a demonstrably compHtiMe witli 
^U{nm wt' thomostprodigiuiH intervals 
of Uioc^ and with intcrpoeitigu of vast 



ehanges in tho organic and inorganic 
worlUa, between llio cpacha in which 
such deposits were formed. 

On whaii amount of similarity of their 
faunae ia the doctrine of the contempo- 
raneity of the European and of the North 
American Silurians based! In the last 
edition of Sir Charles Lycll'a '• Ele- 
mentary Geology" it is atated, on the 
authority of a former president o£ this 
society, the late Uaniel Shsrpe, that be- 
tween 30 and 40 per eenl of the sticciea 
of Silurian Molliisea arc common to both 
sides of tho Atlantic. By way of due 
allowance for further discovery, let ua 
double tho lesser number aud suppose 
that 00 per cent of tho speeiea arc com- 
to the North American and the Brit- 



ish Silni 



years I 



Sixty per cent of speeiea 
is, then, proof of contem- 



that, a million or two of 
rhen Britain haa made 
another dip beneath the aea and haa come 
up again, some geologist applies iliis 
doctrine, in comparing the strata [aid bare 
by the upheaval of the bottom, say, of 
St. George's Channel with what may 
then remain of the Suffolk Crag. Rea- 
soning in the same way, Le will at oncu 
decide t!io Suffolk Crag and the El. 
Geop^e's Channel iicds to be coutem- 
poruQcoufl ; although wo happen to know 
that a vaat period (even in llie geological 
seuae) of time, and physical changes of 
almost uQprcuedented extent, separate 
tlio t*o. 

But if it be a demonstrable fact that 
strata containing mure thaa 00 ur 70 per 
cent of speeiea of Mollnsea in common, 
and eompanitively close together, may 
yet bo separated by us amount of geo- 
logical time sufficient to allow of aome of 
the greatest physical changes tho world 
has seen, what becomes of thai aort of 
contemporaneity, the solo evidence of 
which 19 a aimilarity of fades, or the 
identity of half a doxen species, or of u 
good many genera 3 

And yet there ia no better cvidenca for 
the contemporaneity assumed by all who 
adopt the hypotheses of nnivcraai fuimoi 
and ilorm, of a universally nniform cli- 
mate, and of a «enalbio -cooling of the 
globe during geological time. 

There seems, then, no osoapo from the' 
admloaion thai ncllher physical gcolo*^^ 



nor paliDonto I og^y possesses any mctbod 
by which the absolute synchroniam of 
two strata can be demonstrated. All 
that geology can prove ia local order of 
saccGssion. It is niatlicinatically certain 
tbat, in any given verticnl linear section 
of an nndistnrbcd Heries of sedimentary 
deposits, the bed which lies lowest ia the 
oldest. In any other i "Ttieal linear sec- 
tion of the same series, of couree, cprre- 
Bponding beds will occur in a similar 
order ; but, however great niay be the 
probability, no man can say with absolute 
certainty tbat the beds in the two sec- 
tions were synchronously deposited. For 
areas of moderate extent, it is doubtless 
liue that no practical cvii is likely to ro- 
anlt from assiiming the corresponding 
beds to bo sjnchronons or strictly con- 
tcmporancons ; and there arc multitudes 
of accessory circumstances which may 
fnily justify tite assumption of such sjn- 
cLrony. But the moment tbo geologist 
has to deal with lai^ areas, or wilh com- 
pletely separated deposits, ibc mischief 
of confounding that " liomolaiiiH" or 
" similarity of arranccnicnt," which can 
be demonstrated, with " (■)iicbrony" or 
" identity of date," for which there is 
not a shadow of procf, niider the one 
common term of " corltmpoianeity" be- 
comea incalculable, acd pieces ihe con- 
stant source of giataitous tpiculalions. 

For anything that geology li" palwoii- 
tology are able lo show lo the cortJBiy, 
a Devonian fauna and flora inlhe Biilish 
Islands may Lave been coTtltmfOianeous 
with Silurian life in Noilh Amciica, and 
with a Carboniferous fauna tnd Doia in 
^^^ Africa. Geographical pro\iii[{ sand zones 
^^^^ may bavc been as da 
^^^M the Falfeozoic epoch . 
^^^H those Gcemingly eiiddt 
^^^H new genera and fpccicf 
^^^1 to new creation, may 
^^^H of migration. 

^^H It may bo lo ; it may be olbciwiee. 

^^^ft In the present condition of our knowl- 
^^^H edge and of our methods, one veidid— 
^^^B " not proven, and not piovabic" — must 
^^^F bo recorded againit all ihe giand hy- 
^^^ potheses of tie palasonlolcgist reepecting 
r the general succession of life on tbe globe. 

I Tho order and nature of lerreEtrial life, 

^^^ as a whole, are open qucsticn?. Grolcgy 
^^^ tit present provides us with most valuable 
^^^E topographical records, but (be has not 
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, at pn'unt, und 
fipp'Biancea of 
which we ascribe 
<e MDiple ictulls 



Tjasis of life. 

the means of working them into a uni- 
versal history. Is sucb a universal lis- 
tory. then, to bo tf-g^tded as unattRina- 
ble ! Ate al! Ihe grandett and moet in- 
teresting problems which cflerlLtmsL'lvtB 
to the geological student essentially in- 
soluble ! Is he in tbe position of a sci- 
entific Tantalus — donmcd always to 
Ibirst fur n knowledge which be cannot 
obtain ! Tbe reverse is to be hoped ; 
nay, it may not bo impoEsible to indicali 
the source whence help "ill come. 

In comracucing these rcmaik^, metiU^t 
was made of the great ohligatioi 
which the naturalist lies 1o the g 
nnd pala3ontologist. Ai'suredl^ tbe t!in«i 
will come when these obligations -will 1i«: 
repaid tenfold, and when the maze of ibt 
world's past history, through which the' 
pure geologist and the pme palscontol(»»' 
gist lind no guidance, will be cecui 
threaded by the clue furnished 1-y ' 
naturalist. 

All who are competent to express 
opinion on ibe subject are, at presenii 
agreed that tho manifold varieties of taA^ 
mul and vegetable form have not eitbtt 
come into existence by chance, nor I 
suit from capricious exertions of creativ 
power ; but that they have taken piM 
in a definite order, the statement i 
which order is what men of Fcienee ters 
a natural liiiv. Whether such n law ii 
be regarded as an expression of tbo tno^ip 
of operation of natural forces, orwbeUit# 
it is simply a statement of tho mennet itt> 
which a supernatural power has thongik 
fit to act, is a seoondary qaestioD, i 
long as tbe osistence of the law andtl^^ 
possibility of itt discovery by the bumsj 
intellect are granted. Bat he must bel 
half-hearted philosopher who, believin 
in that possibility, and having watcbe 
the gigantic strides of th3 biologicnl si^ 
encesduringthe last twenty years, doubb 
that science will sooner or later malto tliil 
further step, so as to become posacasi 
of the taw of evolution of organic fori 
— of the unvarying order of that gre^ 
chain of causes and effects of which a 
organic forms, ancient and modern, m^^ 
the links. And then, if ever, wo HhaB 
ho able to begin to discuss, with profit 
the questions respecting the cominence> 
ment of life, and the nataro of tho bdo* 
cessive populations of tlie globe, which 
BO many acem to thin ^re already & 
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avend. *^^ mind ; and under this aspect the 
Hmalluesa of the total change becomee as 

The precei^njai^mentsmate no par- astonishing as waB its greatness under the 

tlcutar claim to novelty ; indeed, tbey other. 

Imro beaii floating more or leas distinctly There arc two imndred known orders 

before the minds of geologists for the Inst of plants ; of tJiese not one is certainlj 

thirty years ; and if, at the present time, known to exist excluBively in the fossil 

it has seemed desirable to give them gtate. The whole I ' ---'-----■ 



more delinite and systematic expressii 
ft is because paleontology is every day 
aasQining a greater importance, and now 
requires to rest on a basis the firmness 
of which is thoroughly well assured. 
Amon^ its fundamental conceptions, 
xhon must be no confusion between what 
i> oertHin and what is more or less proba- 
ble. But, pending the constrnction of 
» Barer foundation than pataaontology 
now posse^es, it may be instructive, as- 
aumiQg for the nonce the genera! correct- 
ncas of the ordinary hypothesis of geo- 
l^cal contemporaneity, to consider 
whether the deductions which are ordi- 
narily drawn from the whole body of 
pain 'into logical facts are jiistitiable. 

Tho evidence on which such conclu- 
&MB arc based is of two kinds, negative 
ud positive. The value of negative avi- 
denoi!, in connection with this inquiry, 
has bven so fully and clearly discussed in 
U address from the chair of this society, 
which none of us have forgotten, that 
nothing need at present be said about it ; 
Out more, as the considcralions which 
ham been laid before you have certainly 
not tended to increase your estimation of 
noh evidence. It will be prcferahlo to 
turn to the positive fads of paliooutology, 

i to inquire what tbey tell i 



Wo 



i>[iulation uf the globe during 
liiii'} as something enormous ; 
e regard only 



;.rjii 111 !■■.■ i theyare 

Ihu utj'^iiive differF-nces which separate ordinal distim 
the older rocks from the more inuihTii, being doubtful, 
and if wo look upon Bpecific and generic 
changes as great changes, which from 
one point of view thev truly are. But 
leaviuj; the negative differences out of 
TOOsidcration, and looking only at tho 
po«itive data furnished by the fossil world 
from a broaaor point of view — from that 
ot the comparative anatomist who has 
made the stuily of tlie greater modifica- 
tion!! of aaimal form his chief business — 
^ (urprisc of ai«t!'Br kind dawns npon 



time has as yet yielded not a single new 
ordinal typo of vegetable structure.* 

Tho positive change in passing from 
the recent to the ancient animal world is 
greater, but still singularly small- No 
fossil animal is so distinct from those 
now living as to reqniro to be arranged 
oven in a separate class from those which 
contain existing forms. It is only when 
we come to the orders, which may be 
roughly estimated at about a hundred and 
thirty, that wo meet with fossil animals 
90 diatinct from those now living as to 
require orders for themselves ; and those 
do not amount, on the most liberal esti- 
mate, to more than about 10 per cunt of 
the whole. 

There is no certainly known extinct 
order of I'roto;ioa ; tliero is but one 
among the Ctelenterata — that of Uio ru- 
gose corals ; lliere is none among the 
Mollusca ; lliere are three, the Cystidea. 
Blastoidoa, and Kdrioasterida among the 
Eohinoderms ; and two, theTnlobita and 
Eiirypterida, aniimg thy Crustacea ; mak- 
ing altogether live for ibo gveal "ub-king- 
dom of Anuulosa. Among Vcrtel'ratM 
there is no ordinally distinct fossil fi»h : 
there is only one extinct iirder of Am- 
phibia — the Labyrinlhodonts : but there 
are at least four distinct orders of Rcp- 
tilia. viz., the Ichthyosiuria, Plesioaao- 
ria, Pterosauria, Dimisauria, ami pi^rhiipa 
another or two, Th',Tu h no known ex- 
tinct order of birdK, and no oertainW 
r of Mammals, the 
'f the" Toxodontia" 



The objection that broad statements 
of this kind, after all, rest larireiy on 
Tiegative evidence is obvious, but it tiu 
less force than way at Hrst be supposed ; 
for, as might be expected from the circmn- 
atances of the case, we possess more n))un- 
dant positive evidence regarding Fishes 
and marine Mollusks than respecting any 

" See Hfioker's " Inlroduclory Essay to 
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other fornjs of animal life ; and yet these 
nfler lis. tlirough iho wholo ranso of 
gertlon;ical time, no species ordinnlly dls- 
iinnt from llione now living: while tho 
far Iffw numerons dans of Echinoderma 
prownt* three, &dA the Crustacea two, 
BUnli orders, though none of tbe»c come 
' »n lat^r tliAi) the Falieozoic i^. 
itly, the Rcpliliii present tho extraor- 
Itiary and exceptional phenomenon of 
my extinct m c:!LKting orders, if not 
; liiu four roimlionod mainlaining 
leir cxiBtenco from tho Liaa to tho 
lalk inclnsivu. 

Some years a^o one of your secretaries 
linted out another kind of positive pnlie- 
itologjcal evidence tending toward the 
mie conclusion — afforded by the exist- 
ence of what he termed ' ' persistent types' ' 
of vegetable and of animal life. Ho 
stated, on the authority of Dr. Hooker, 
_tl»al. there are Carhonifcrous plants which 
ipear to ho gencricully identical with 
oie niiw livinjr ; that the cone of the 
ditic Araacuna ia bardly distingiiiah- 
ilu from that of an existinj^ BpccioB ; 
a. true Pinus appears in tiie I'ur- 
!Oks, and a Jui;lan» in llie Clialk ; 
'hilo, from tlio Bagshot 8ands, n Bank- 
the wood of which is not disiin- 
guishahlo from that of species now liv- 
ing in Australia, had heen ohlnined. 

Tntniiig to tho animal kingdom, lie 
affirmed tiic tabulate corals of the Silu- 
rian rocks to be wouderfuity like those 
which now exist ; wbile even the fami- 
lies of Ihe Aporosa were all represented 
in tho older MeaoKoic rocks. 

Among the Mollasca similar fads were 

iidduced. Let it he home in mind that 

ieuh, Mylalu, Chiton. Nalka, Pa- 

a, Trochus, hiacina, Orbieula, Lia- 

a, Rhy-nchonella, and Nuulilve, all 

which arc existing genera, are given 

litliout a doubt as tiilnrian in the Inst 

'dilion of " Sihiria :" while the higtiest 

of llie highest Cephaliipoda are 

iresenlpd in the Lias by a genua, 

fUmnoteuthis. which presents tliuclosest 

■lalion to the existing JioUga. 

lu two highest groups of the Annu- 
thc Inwelaand the Arachnida, are 
prcMntcd in the Coal, either hy exist- 
I, or by foiTns ditTering from ex- 
;ing gtnera in qnile minor peculiarities. 
"' o the Vcrlebrata, the only 

Insmohraurh Fi>.h of which 



we have any complete knowledge ia Ifa 
Devonian and Cwboniferoiis Pterin 
ranlkvi, which differs no more fruiii l'A' 
isiing Sharks than these do fntiit 

Again, vast as is tho number ol 
donblcdly Ganoid fossil Fishes, and gr^ 
as is their range in time, a laige mnsa u 
evidence has recently been addQcrd td 
show that almost all those respoctir 
which wo possess sufficient infonualioi 
are referable to the same subordin. 
groups as t\ieeiim\\B<rLepidiisteti8, Polyp^ 
terat, and Sturgeon ; and that n singr ' 
relation obtains between the older i 
iho younger Fishes ; the former, llic Do 
vonian Ganoids, being almost nil men;, 
bers of the same sub-order as PulgptfTUtt 
while the Mcsozoic Ganoids aru almuat ei 
similarly allied to IiejiiUosltin. 

Ag!iin, what can bo more reinnrkH,bl 
than tlie singular constancy of sintctiU 
preserved throughout a vast pcriud e 
time by tho family of the Fyenodotil 
and by that of the true Ccel.'icanths ; 
former persisting, with but insigniliumi 
modifications, from the CarbanifuruiM t 
the Tertiary rocks, inciuxive ; the luttt 
exinling, with still less change, from t& 
Carboniferous rocks to the Cioalk, Id 

Among Reptiles, the highest lirioj 
group, that uE the Crocodilia, is repri 
seated, at the e-arly part of the Mesoioi 
epoch, by species idejitical in the e 
tial characters of tiieir organization tvit! 
thnsi! now living, and differing from tb 
latter only in such matters as the foria 
the aiticular facett of the vertebral eon 
tra, in the extent to which the naiiil pdH 
sages are separated from th^ cavity u 
tho mouth by bono, and in th^ prnpot 
tions of the limbs. 

And even as regards the MammiJi* 
scanty remains of Tria^sic and OJlitii 
species afford no Fouudsiion fur llie flup 
position that the organization of tlm oM 
est forms differed nearly so mncli Fimii 
some of those which now live oa thus 
differ from one another. 

It is needless to multiply these in- 
stances ; enough has been said to justify 
the statement that, in view at the im- 
mense divorsily of known animal anil 
vegetable forms, and the enormous lapse 
of time indicated by the accumulation ot 
fossiliferous strata, the only circum- 
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■Ucee to t>3 -vrondferod at i«. not that the 
cliansres of iife, as L'xliiliili>d by positive 
«vidL-nt'i!, have boen 30 gruat, but thiit 
tkoy )wve bci-n so Email. 

Qo Uiey great or siDall, however, it is 
dsMnhlc li> attempt to estiinato ihem. 



Lei us. therefore, take each great di 
aoa of the animal world in micceitsion, 
tud, nbciiever na order or a family can 
be shown to hare had a prolonged exist- 
ence, let UB endeavor to assort^ how far 
the later inombera of the groap differ those that 
from the earlier ones. If these later Cirrinedia and Mat 



Craiiice, DimniB, Linffulir, thnn (lie Si- 
lurian species of the mmic (.'i-iii^m! In 
what sense can LoUpo or Spirula \<n Riiiij 
to be mnrefpecialized, "r lifsenibryfriic. 
than Brlrmniles ; or tlin moiliTii sprciis 
of Lamellihrjinch and Gastoropod genera, 



than thia Siluri 
genera ? 

The Annul( 
Insecta and A' 
ppocialiiiGd, no 



members, Iq all or in many 
hibit a certain amount of modili cation, 
the faet is, so far, evidence in favor of a 
general law of change ; and, in a rough 
, way, the rapidity of that change will bo 
meksared by the demonatrahlo amount have referred to the (.liTltn^unlliini (ci: 



o£ modification. On the other hund, i 



prising llie gener 



S be recollected that the absence of /ophaffiis, Unili 
any modification, while it may leave the affording 
doctrine "f the exiatence of a law of and it i: 
change without positive support, eannut 
possibly disprove ell forms of that doc- 
trioc, th'iugh it may afford a sufficient 
refdtatioD of many of them. 

The PuoTozoA.— Tho Protozoa are 
wptBBented tliroi^ghotit the whole range 
of geological scries, from the Lower 8i- 
lui^n formation to the present day. The 
Boat ancient forms recently made known 
by EUrenhergare exoeedinjriy like those 
Wtikii now exist : no one has ever pre- 
tended that the difference between any 
amueot and any modem Fonunmifcra is 
of mote than generic value, nor are the 
oldest Foraminifera either simpler, more 
ombyronlc, or less differentiated, than 
tlio existing forms. 

The C<BLBBTEBATA.— The Tabulate 
Corals have existed from the Si 



species of the same 

— The Carboniferous 

nida f.ie neither less 

ore embryonic, than 

i-c, nor jiro the Liassic 

rura ; while aevemi of 

the Braeliyura, which npiwar in the 

Chalk, belong to existing genera ; and 

none exhibit either an intermediate or 

an embryonic character. 

The Vkrtebrata. — Among fishes I 



Ccflacanlhw, ffo- 
and Mnerojmma) aa 
an example of a jiereistent type ; 
i mnst mmarkablo to nolo the 
smaliness of tlio differences between any 
of these fishes (affecting at most the 
proportions of the body and fins, and 
the character and sculptnreof the sciiloa), 
notwithstanding their enormous range in 
time. In all the essentials of its very 
peculiar structure, the Maempoma of the 
Chalk is identical with the Ccelacanthuf 
of the Coal. Look at the genus Lepi- 
dotua, again, persisting without a modifi- 
cation of importance from the Lias^c to 
tlie Eocene formations inclusive. 

Or among the Tcleoslei— in what rc- 
speet ia the Beryx ai the Chalk tnnro 
embryonic, or less differentiated, than 
Bcryx linealua of King George's Sound 3 

Or to turn to the higher Vortebrata — 
in what sense are the Liafsic Chelonin 
inferior to those which now exist ? ITow 



ipoch to the present day, but 1 am not are the Cretaceous Ichthyosauri a, Pleaio- 

awaro that the ancient KelioUtea possesses ■- -- "*■ '— '--■ — 1.^— -:« -- 

a single mark of a more embryonic or 
les» differentiated character, or less high 
orgunizatiun, than the existing Meliopora. 
As for the Aporose Corals, in what 
Kspect is the tjilurian Pal«ocycla» less 
Ughty organized or more embryonic than 
tlie modern FvMgxa^ or tlic Liassic 
AporusH than the existing members of 
tha Nuni' families? 

Tlio MouLi-scA.— In what sense is the 
living Waldkeimia icas embryonic, or 
Bore specialized, than the palfeozoic 
Bpirifer ; or the existing BhyiiclwacUa, 



Pterosauria less embyronie, 
more differentiated, species than those 
of tlie Lias ! 

Or lastly, in what circumstance is the 
Phaneololheriam more embryonic, or of 
a. more generalized typo, than the mod- 
; or a Lophiodon, or a 
, than a modern Tapirui 



em Opossui 

Palmolheriu 

or Ilyrar ? 

These 



iples might bo almost in- 
definitely multiplied, but surely they are 
sur.lcienl t.. prove that the only sate and 
riir;ni-siionable testimony we can procure 
— iWtiiiivc evidence— fails to demonstrate 
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tny sort of progressive mod iR cation 
toward a less embryonic, or less gciieral- 
ped, type in a great many groups of smi- 
\ of long- continued geological cxisl- 
In these groups there is abundant 
of varitttion — none of whnt is 
understood as progression ; 
bid, if ihe knotvn geol^gical record is lo 
icgiirded as even any considerable 
_frugmcntof the whole, it is inconceivable 
that (iny ibeory of a necessarily progrci*- 
aive development can stand, for the nu- 
merous orders Hnd families cited afford no 
trace of sncb a process. 

But it is a most TeniaitaMc fact, that, 
while the groups which have been men- 
tioned, and many bcpiiJep. exhibit no sign 
Hpf progressive niodificstion, there are 
fcthers, co-existing wilh tliem, under the 
; cocditions, in which more or less 
BiKlinot indications of iiuch a process 
I betiaccflblc. Among such in- 
Bicatinns I may leinind you of the pre- 
Bominuncc of Holostnmc Gasteropoda in 
^.c older rocks us compared with tlint of 
Siphonoslomc Gasteropoda in the later. 
* eless open to the objection of nega- 
Midence, however, is that afforded 
y iho Tetra branch! ate Ctphalopodii, the 
jms of the sheila and of the feptiil sii- 
pres exhibilin)]; a certain increase of 
lOmplexity in the newer gencin. Here, 
r. one is met at once with tlic oc- 
j gf Orlhoceras and Bacuhles at 
Is of the scries, anti of the 
kei that one of the simplest genera, 
mlilui, is that which now exists. 
The Crinoidca, in the abnndance of 
l^alkcd forms in the ancient formations 
compared with tlieir present rarity, 
seem to present us with a fair case of 
modification from a more embryonic 
toward a less embryonic condition. But 
refu! considcriJticii of the 
facts, the objection aiisei ihat the stalk, 
fttlyx, and arms of the pahcozoic Crlnoid 
l*B exceedingly different from the coirc- 
^onding organs of a larval Comatula ; 
nd it might with perfect justice be 
led that Actinocrinus and Eucal-jp- 
imii, for example, depart to the full 
widely, in one dircelion, from the 
talked embryo of Comalula, as Coma- 
ula itself does in the other. 
The Echinidea, again, are frequently 
aa exhibiting a gradual passage 
I mora gcueralized to a more spe- 



cialized type, seeing that the elongated, 

or oval, fipatangoide appear after th» 
spheroidal Eehinoids. But here it mighl 
be argued, on the other hand, that ihii 
spheroidal Eehinoids, in reality, dcpar 
further from llie general plan an'l fron 
the piubryonie form than the clongatet 
Spstangoida do ; and that the peculia 
dental apparatus and tho pedicellarije o! 
the former arc marks of at least as gn 
differentiation as tho petaloid ambolac 
and semitat of tho latter. 

Once more, the prevalence of Macm 
rous before Brachyurous I'odophthabnil 
IS, apparently, a f^r piece of evidenee fi 
favor of progressive modilieatiou in Uu 
same order of Crustacea ; and yet thi 
case will not stJind much sifting, seeinj 
that the Macmrous Podophlhalm'ia daj 
part as far in one direction from tin 
common type of Fodophthalmia, 
from any embryonic condition of tlw 
Brachyura, as tho Brachyura do in th; 
other ; and that the middle terms I 
tween Macrura and Brachyura — the An* 
omura — are little better represented ii 
the older Mcsozoic rocks than ihi 
Brachyura are. 

None of the cases of progressive.modi 
fication which are cited from among tb 
Invcrtebrata appear to mo to liavo i 
foundation less open to criticism tha; 
these ; and if this be so, no carcfii 
reasoner would, I think, bo inclined U 
lay rery great stress upon them. Amon] 
the Vertebrata, however, there are a fov 
examples which appear to be far lea 
open to objection. 

It is, in fact, true of several groups a 
Vertebrata which havo lived lliroi^h i 
considerable range of time, that tho ca 
doskeleton (more particularly the epinij 
column) of the older genera prcacnta j 
loss ossified, and, so far, less diSetea 
tiatod, condition than that of the youiu 
genera. Thus the Devonian Ganoidg 
though almost all members of the aam 
sub-order as PolypUrut, and prcBcntiI^ 
numerous important rescmblancoa to thi 
existing genus, which posaeasca btooa 
cave vertebra), are, for the most pati^ 
wholly devoid of ossified vertebral o 
tra. The Mcsozoic LepidostoidsJ, agn 
have, at most, biconcave vertebiw, whih 
tho existing Lepidoatmii has SalamaK 
droid, opisthoctelous, vertebra;. Sa 
none of the Falmozoic Sharks 
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fibown thpinsplcof! to be posscBscd of ossi. 
fled lortobra;, while tlic in:ijority of mod- 
ern Sliarl;« jioasoss siicU vartebcu;. 
A^Hin, tlio more nncienl Crocodilia and 
Uicertilia iinve verlebrro with tho itrtiuii- 
Ur facets of their center flattened or bi- 
Conca/e,while the modern members of tho 
aaiTiogfoiip have them proewloas. Butilio 
most roiuarkable examples of progreaaivo 
moditicatioD of them vertebral colutMn, 
in correspondence ivith gcoloftieal ngp, 
are those afforded by tho rycnoJnnta 
amonvv fish, and tho Labyrinthodonta 
among Ampliibia. 

The laly able ichthyologist Ucekcl 
pointed out tlie fact, that, while the Pyc- 
Dodonls never possess true vertehral 
centra, tliey differ in the degree of ex- 

rmsion and oxtcnsion of the ends of (ho 
ony arches of the vortehrm upon the 
ollcath of tho notochord ; iho 'Carbon- 
iferou* forms oxhibitiug liurdly any such 
expansion, while tlio MesoKoie genera 
present a greater anil greater develop- 
ment, until, in the Teriiary forms, the 
upanded ends become untiirally nnited 
BO a* to form a sort rf falso vertebra. 
Ufrmann von Meyer, again, to whose lii- 
ininoiin rcsearehca wo are indebted for 
onr present large knowledge of the or- 
^nJKHtion of the older Labyiinthodonts, 
has proved that the Carboniferous Areke- 
fmaaitis bad very iropcrfeclly developed 
vertebral centra, wbiie the Triassic 
Jfastodonsaurus had tho same parts 
completely ossified. 

The regularity and evenness of the 
dentition of the Aiuiplotherium, as con- 
trasted H-tth that of cicialing Artiodacly- 
Icn, and the assumed ncuier approach 
of the dentition of certain ancient Car- 
nivores to tho typical anangenient, have 
also lieeu cited as exempt locations of a 
laiT of progressive development, but I 
know of no other cases based on positive 
4vidciiee \vUich aro worthy of particular 
notice. 

Wliat then does an impartial survey 
at tlio positively ascertained trutlia of 
paliconlology testify in relation to the 
toiutnon doctrines of progressive modifi- 
mlion, which suppose that modification 
to have taken place by a neceasary prog- 
roM from more to loss embryonic forms, 
or frinii inorc to less generalized types, 
within the liinils of the period icprc- 
wntod by tho foasilifcroua rocks ! 



It negatii'cs those doctrinen ; for it 
cither shows tis no evidence of any such 
modification, or demonstratea it to have 
been vory alight ; ardas to the nature of 
that modi ti cat ion, it yields no evidence 
whatsoever that the earlier members of 
any long-continued group wore more gen- 
eralizeil in Btroctiire than the later ones. 
To a. certain extent, indeed, it may lie. 
said that imperfoet ossification of tho 
vertebral eolnmn ts an cmiiryonie charac- 
tdr ; but, on tho other hand, it would bo 
extremely incorrect tu aupposo that the 
vcrtolirnl columns of the older Voiti'brata 
am in any sense erabryimio in their whole 
structure. 

Obvionaly, if the earliest fosailiferouB 
rocka now known aro coeval nilh tho 
comniencemciit of life, ami if their con- 
tents give ua any just conception of the 
nature and the evtcnt of tho cailiest 
fiiuna and flora, tho insignificant umoant 
of mudiliculion which can be demon- 
strated lo have taken place in any one 
group of animals, or planta, is qnito in- 
compatibto with the hypothesis that all 
living forma are tho results of a neccsBary 
process of pri^ressivo development, en- 
tirely corapriacd within the time repre- 
sented by the fossilifcrous rocks. 

Contmriwipe, any adiniasiblo hypotUc- 
sis of prngrc^iive modification innst bo 
compatible with porsiatonee without pro- 
gression, through indefinite p^Hbds. 
And should such an hypothcsia eventually 
be proved to be truo, in the only way in 
which it can ho demonstrated, via,, by 
observation and cxpcritnent upon tho ex- 
isting forms of life, the eoneliiaiun will 
inevitably present itself, thnt tlio I'ulseo- 
zoic, Mesoiioic, and Cainozoic fiumro and 
flora;, taken togoUicr, bear nomewhat 
tlic same proportion to the whole series 
of living beings which have occupied 
this globe as the existing launa audflura 
do to them. 

Such are the results of palwonloiogy 
as they appear, and ha\e for some years 
appeared, to the mind of uo in(|uirer who 
r^ards thnt study simply as vno of tfae 
applications of the great biological sci- 
ences, r.ad who desiies to see it plaoed 
upon tho same sound bat^ls as other 
branches of physical ini|iiiiy. If the 
arguments whicih have Utn biouglit for- 
ward arc \uliii, puibably no one, in view 
of the present btato of opinion, will bo 
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pcjined to thint tlie lime wasted which norance in (lie governing classeB of the 
n ppent npon tlioir ejaboral ~" " "' 



A LiDERAL EDUCATION, ANU 

WUEHE TO FIND !T. 

g_THG DiisrnFBs wliicJi llic Sciilli London 



gKnt' ^ _ 

■■aliiin. Willi wliifU tliui ciillcpu pruposiB |« 
.pmpple, 19 llie irti-iiicm woik of uit iJjOBe 
wiiirli lie leaily lo gi man's liund just ai pie- 



iilli. nt lenglli, llila futt is hetominB geti- 
Bly rccojTuiMd. You cannot go anywEcLe 
Klinut bt!iiriui{ n liuzz of iiiuie or kse cnn- 
dconlnitiictoiy iFilkon ILia siihject 
nyrufuil tonolicc ILul. in ono point 
frauy late, Uicre is ii very decided advance 
■n like diBt'iisBiona in (onntr days. Mo- 



has uot been viewed with equal borrnr ! 

Compuie tbe avera^.'u arLisnn iind (liu h . . 
age counlry squiru, and it may Ne dnublcd if 
yoa will flod a pin to cIioobb lituvii'a " 
two in point of ignorance, clftsu ftcliuj;, 
prtjiiilici:. It is true tbat tlic lgn(iruD(;e4s of 
n different anrt— tliat llie class feeling ia iu 
faroc of a different olass, and lUat the pre- 
judlL'O lias a dislliict favor of wroDg-beaovd- 
OCBs in UBcli cuse--liut it is queHlionublo if 
(liQ one Is eilber ii l)lt lietter, or a bit worse, 
lliaii the olber. TUe old protectionist liieuiy 
Is tlie doctrincof trades unions as applied by 
•'■'■ squires, and Ibe modern trudes " 



I witirr: 

^^^Hht oulalde llie ngriLiiHural jnlerest now cdiiouii. in wbicli keeps the masses iTwajrfroi 
^■^■teesloauy lliat cdurnlion is a batllblng. If their ininialrallous— whether tbu moat com- 
■ any reprcfcniative of the dace taige and plelely educiUud men aru not as opeo tare- 
powerful pnrly. wbicli, in former dujs, pin- proach on this acore as Ibe workmen ; and 
ciuinied liiis iiniulon, slilt exists in a etnii- whether, percbanca, [his tuny not indicalo 
foaBJI Ktnle, be keeps Lis Ihoiigblslo lilrnftlf. Ill*' it Is not Eduealion which lies at lbs bol- 



uudur one J^irn* than undur the otber ! 

Again, Ibis sceplicui minorily aaka Ibe 
ulergy to Ibrnk whether it is ri?aJly want of 



Id tact, tliera _. 

dialruasing in their harmony. 
of Uiu ductilne that edueati 
panacea for liumun troublei 
Ibe country is not, jhorlly lo | 
everybody must lie educated. 

The politicians tell us. "yoii must edu- 
cate ibB musses heciiufe ihej aru going to bu 
maslura." The cieigy Join in the cry for 
educniinn, for lliey alHim that the people 
lire drifliug away from church and (bspel 



jImoM toniof iheinallur* 
liaed in favor Once more, Iheaii people, whom there is no 
L is the grem pl««I"g. venture to doubl wliotber tba glory 
and Ihal, if which rests upnn being atilu to uuderadl all 
to llie dogs, 'h^ "^^^ of "i" wijrld, 19 a very sate kind of 

Slory— whathor we runy not purchase it to> 
ear; especially ir we allow educoUun, 
which ought (o be direclod lo the making of 
men. to be diverted iuto a process of manu- 
facturing Luai J loola, wonderfully adroit In 

..„ ^ „,„. the exeiciau of saius lecbuieal industiy, but 

Ibe broadejl mfldelily. The munufac- good for Qothinff else. 

" --■■■- ■ ■■ - .... And.finolly. ibaaepe/ipleinquirewhetheril 

is Ibo manses alone who need u reformed and 
improved eduealiou. They ask whether the 
vioiieBt of our public schools might not well 
be made tu supply kuuwiedgu. as well ua gea- 



turers and the cnniialials swell 1liechDi_„ 
lustily. They declate that ignorance makes 
bad workmen ; that England will soon be 
unablu lo turn out cullon goods, oi sleiim cn- 

f'ines, tbeaper than oUier people ; and then, 
cbubod I Ichabiid I the gloiy will be de- 
" ' ' '-■ - ' ' - --« lifted 



purled from u». And a few loiees 



lleniiiiLly habits, a strung class feeling, anil 
— ■"— proflciency in cricket. They 



up in favor of tlie doctrine that UiemaMea '° "'ink that tba ouble fimndalious of ,._. 

sliould bHetlucftlcdbeeauBelliev aremenund "''^' unitfersilies arc bardly fultllling tbelr 

women with unlimited capaciiles of being. '■■""'•■— ■- ■'-■■=- - ■ " 

doing, and Buffering, and that it ■■ ■- '- - 



<, that the people pciisb 
for lack of knowledge. 

These iiitmhers nf the minority, with 
whom I confess 1 bnve a good deal of sj in. 
jmlby, are doubtful whether any of the otber 
leuous urged iu lavnr of the education of 
Ibe puuple arecf much viiliie— whether, in- 
deed, aume cf Ibcin nru 1 a^ed ujion either 
wise or noble griiiinda of ntllcD. They quis- 
liun if it he wise lo tell pecple that you will 
do for Ihcni, out of fear of their iwwer. 
what you have Itfl undone, so lung as your 
only mflive was crmpaseioa for their weak- 
ness and their sorrows. And, if ignoiscceof 
everjlhine which it ia needful a luljr flmuld 
know is likely to do so mnrb baini in the 
jpiverning dawes of the fuluri'. why is it, 
ilwy ask rensoiiably enough, ijiat audi ig> 

Ih l.oi'dnn Working WcaV 




tiiactioDs in their present posture of half- 
clerical seminaries, half racecimrsaa, wbera 
mea are trained to win a senior wranglHrabip 
or a dijublu-flrat, as horses are trained lo win 
ft cup, with as little reference to Ibe needs uf 
after-life In Ihe case of the man U9 in that ol 
the rueer. And, while as zettlriua for educa- 
tion as ilia rost, they alBrtn that, if tbe udu- 
catlon of the richer classes were sittihaa l» At 
Ilium to be llio leaders aod l.iio gtivurnora of 
llie poorer ; and if the educatiou uf the 
pa.»er classes were such as to enable them t) 
appreciate really wise guidance and gooil 
gurernance ; the politicians need not feat 
luob-Iaw, nor the clergy lament their want of 
ducks, nor the capitalists proguusticnle the au- 
niliilaliiin of tbe pruaperity of Ibe country. 

Such is the diversity of opinion npon tlie 
why and tbe wliurefore of education. And 
my hL'iirers will lia prepared to expect that 
.1 .:....! indations which are put 

— - ^ „ .,„ liHrinrHnnt Thopp •" -. 

loud cry fur c( 
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Bah, Ib spite of uonalnnt experienco to the 
contrarj, proaurTe a Imiclnug faith in Ilia 
efll''."} of ricls or parliamKiit ; anii I belisve 
■ ' L.u'e ciunpulHOry wlaciition in Ihu 
-! sESsiuu, [f tliero waru tlie Ifflisl 
'ii:illialf n dozen Icatjin^ slat^a- 
■ K'nt parliea would iigrto whjit 
m should 1)R. 
I ! Limt eilu(;tilion wilbOTJt Ihcabfj- 
: .11 nnue. Others tnulnlaiu, qiiito 
, (hut eduoalion with theology ia 
in 111 ■ ■1111.- pcBdicaniQnt. But thlB ia cer- 
ium, liuit Tliijse who hold IhB Urat opinion 
cau Itj iiti mtauB ngree what iliOiilfftyBliould 
be tauuht ; und that thosu who maiuimD iho 
Wttinu arv :a a small minority. 

At Any rale, "' maku people learn to read. 
wiite. and ciph-jr," say a Sf^at many ; and 
ttieailvtodlsuuiltiutitcdly xeusible as fur uh 
It goes. Rut, ns has happened to mi: in for- 
mw dnj's, those who, io despair nf gelling 
uytlitng belter, iidrncate this maasiiie, are 
met with the objection lliHl it is very like 
nultiaj* II child prai^ice the uae oi a knlFe, 
fork, nnd spoon, without giving it a particle 
Ol Bii'iil. 1 leuily don't know what leply is 
to his m;idv li> suuh uu ol>Jeclii,D. 

BnC it would hi- unproQiable lu aiitml mnra 
timo ill (lisealHDKling. or ralber in showing 
Uf. the knots in. Iho raveled skeins of our 
neighbors. Rluch more to the purpose h it 
iti Hgk ir we poaauBB any ehic of i:ur own 
vrhii^k may guide us among tliese entangle* 
nenls. And by way of a betnanlDK, k*i ub 
«'k oiirselvBs— What is education ? Above 
»]'• Ihings. what in Our ideal of ii llioroiiHhIy 
lilii Mil -.-luriilion?— of thai education whieh. 
it V -f (luld ill-gin life again, we would gi^u 
our^dvr— nf ihat educalinu Which, if wo 
couiii lunuld Uie fates lo nur own will, wo 
■would glvo our children. Well, I know nut 
wbal may he ^our conceplinns upon Ihia 
nmller. hut I will toil ynu uilue, and 1 hope 
Islmll Aud Ibat our views aru n^it \'cry dis- 
crepAut. 

Suppose it were perfectly curluin that the 
life and forluuo of uverjone of us would, 
onndiky ni- oilier, depend upon hl8 wlouiDg 
or loaiu^ a frmnt; !it chess. Don't you think 
that we alii".it(l all coiisidc-r it lo he u priniaiy 
duly to lertiii (It leasi the niimts find Ibu 
notes uf lliu piuees ; to have n notion of a 
gantblt. am\ it Kren iyc for all the uicHua of 
pvlng HDd K<^)liii^' out uf checks Do you 
not tfiink iliiii \VL- should look will, a disap- 
prahalioi. iimoumiug lo seom upon ihe 
[hIIjit Mh'. allowi>d his sun. or the el.ilu 
iiuii-K 'i .ivo.l iis HiemberB. logtow upwiih- 
.- II puwu from a kuiijht? 

1 ■ .. vi;iy plain and clemeoiarytruih 

.1'.-: : ilie fortune, and Ihe happinesx 

ct .-^.-r. MiLi of us, and. more or less, of 
tlioae wiicmru en one el cd willi ns. du ilrptml 
bpon our kuiiwihg Bimuihiiii; i.f il„^ lulvs c,f 

■ gnmi: iulliiiiely ninru dillltiilt uiu! (onipli- 
nied limr. L'hess. It is :i jjnme viiiioli i>ii.4 
be«| played fur untold ages, tvery man and 
womao of 1M beiu^ one of Ihe iwo pliiyers io 

■ Kama ot hid or kor own. The chess-board 



what WG call tbu lawsof Naliire. Tlie plav« 
on ihe olber side is hidikii I'rnni ua. Wo 
know ll);it li's I'lav H iihvaya tnir, juM, nod 
patient. But i.ts.i wc kujw, lo oui tost, thai 
lie never I vei Links II riMKlake, oriuukes ibn 
smallest alhuvoncu for i^inoriince. To Iho 
uHii who plays well, Ihu highest etaki-s sio 
paid, wilh liiutsDit nf ovcillQwlu£g:enero«tiy 
with whieli the Btmng tihowa dctlgbl ]a 
atrengib, Aad unu i.-bn jilaj's ill is ib«'k- 



My nieMi 
tlie fiiiu^m 
picled Kii 



wiihoul remorM. 
some of you of 
I Kelx^icjh Imsde- 
n fup 



11' the iii(iekin|; ti 
siroiig angel Who ia 
wo tity. uud would 

nml 1 Ehuuld ucuept it 



picture, a cal' 
playing for love, 
nilher lose Ihiin win 
as on imago of bnmi 

Well, what I mean bv Eduejillou la learn- 
ing Ibu rules of tbiimighiy game. In olhur 
wotd». education is the instruction of llio in- 
tellect in Iho lutva oF Nature, under whioh 
name 1 Include not merely Iblnga and thrir 
forces, hut tncn and llieir ways ; and Iho 
faahioniag of Iho nffedioas and nf lliu Will 
into un earnest and loving desire In move iu 
harmony with Ihoso liiivs. For me, edura- 
lioa means neither more nor Imh than Ihi.i. 
Anything which profeKSfs lu call itself «1ii- 
cation mint be tried by this stnndnrd, and U 
it fails to stand Iho test. I will not call it 
Edncallon, whatever may bu ilie forct) of aii* 
thoriiy or of numbers upon llie other aide. 

It is important lo remember that, in etdct- 
nesD, th(>re is no such thing as an unediiCHtM 
mail. Take nu eslreme cafO. Suppuae that 
an adult man, In the full vigor of hia facul- 
ties, could bo snddenly plat-ed in the world, 
aa Adam is anid to have been, and then left 
to do as lie best might. Uow lung would he 
bu left iinediicaieil ? Not five miniiies. Na- 
ture would begin to teach bim, through Ihe 
eye, the car, the touch, the properties of ut>- 
jeela. Pain and pleisure would be nl h!a 
elliow telling him to do Ibisnud avoid Unit ; 
aod by slow degrees Ihe man would nceivo 
an educaliun. which, if narrow, would be 
Iborougb, r°.al, and adequate lo hiEcijrum- 
sunces, though there would be no cxlraa 
and very few accompiithnii'iiis. 

And if tothia eolilarynian cnlercdaaecond 
Adnni, or, heller slitl, an Eve, a iiew and 
greater world, that of aneial and mnral phe- 
unmi-aa, would bu levealcd. Juya and voea, 
compared with which all olhers might Etcm 
hut faint abiidows. would spring from ihe 
new Tclutlons, napplaits und suirnw would 
lake the place of I lie courser man i I ors. plea- 
sure and pain ; but conduct would Blill be 
shaped by the obseivatiuu ol ihenntuial con- 
Keqiiences of actions ; or. In olher words, by 
the taws or the nature nf man. 

To evuy one of nsihe woild was once ai 
fici^b and new as to Aduni. And ibcn. tang 
Itcfiiie we were fUfecplible of ans" tther 
modu of Ineliuciion. Kulure look us in 
baud, and eyeiy minute ot wukto^ UIa 
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raglit its oduintiongi influence, rlieplng 
irncliuniiiiti) luuuli iircurdimca with Isn- 
't Iawji, Ml Hint VII! nil^lilDot lioeiiik'd 
iviy by tun gruEH iliEoliediciici-. Nor 
(11 ►iM-nkof lliisptcctsaoi; cclucolion 
It, fur iiiiyonp, lie ha m u)i1 ns li» mnj^. 
r eveTV Dui'ii, llic woild in i^b frcsU na it 
,.ji Hi Uio flist day, ond iia full ot uniiild 
kuvdliti tor lilm wlio liws ihe eyes to see 
Ibvni. And Nuiiiiu is Elill (jnnliuuine lior 
J»tlcnl<.tliiciilicin(i[ lis in Uiat firent univet- 
lly, lliK lmiv('[M^ <.<( nliicli w« ttru ull mem 
«'•— Nuliii'i' liiiving no Tesl-Acls. 

'it. laki- lionoiB in Nature's nni- 

II liiirn iliu Iq^'B nhicli govern 

n iin'd iiiii]Hi'inid (.liey iLtm.arelbo really 

" ncinriil min inlhisworlll. The 

f uitinkicd are ihe " Poll" wbo 

fiiik 111' juHini.OEli togi't iLrougli williuiil 

Iimrli dietrfriit. Tlinte wbo vfon'tlenm nt 

ml iit<r ;>liitkcd; undllicn yQUciin'tcomo up 

nun n. NtitUie'B plutk means eiteiminaliiin. 

m llieqtieKUDtii'rccnipuUory education 

b welded ro fur lis Nnlure is concerned. Her 

on that nnrti inn was framed and puescd 

i; nuo. But, iiko nil compulscry Ufiibla 

I, imit vi Naluiu is barsli and wuslelul in 

[Id uiKiratlon. lunortiDCc is Tisiied ns sliai ply 

•■0§ willul diHit«uienc'« — ingupacily metis n Itli 

J tbo fHOio puniilimi-nluB crime. Knlure's dis- 

t^plluu Ih not CTrn u word nod n blow, and 

Tffio blow fiisl I Lul (lie lil'iw wiiliout ilie 

Jl'ord. It Is left 10 jou to find cut vby your 

Mrs arc luixril. 

TliD olilicl ct vihal vrt! conimoDly call edu- 
Jlllnn— tfiul itlucationlii whiili ninn inlcr- 
leneaiitid vhk-blsbnll dislinf>uieU us mii- 
IcIbI cducnliDD — U lu nuiUe gLod iLcee de- 
>ct9 In Naiuie's meilicdK ; lu in^piire tbe 
Uilldt tn icuive Noluio'a iduciilion, iieliher 
Bcunalily nor ignoinnilr, nor wiib wilful 
psoXcdieuce ; uud lo uuileistunil llie prelim- 
may »yniploms of ber dUpIeatitre, nilliout 
MHiliiig tor ibe box on the cor. In dmit, nil 
^ilk-lhl rdut-alioD dugbt to bo ii.n unlicipn- 
Jnn of nuluial educaliun. And a lilieml 
Iducntlcn la sn ailificini educNticu. ^bicb 
~ IS Ml only prepared n man to (Ecopo tbe 
t«t CTild ot disobedience lu iiRiutnl Ihk^ 
Eut hat Ituinetl bim to npprct'iiiie ntid to 
rtwi upon tbo regards which Kitture ]K«t- 
prre witli as frw a baud as ber pcuallifs. 

That man. 1 ihink, bus had a bbvral edu- 
tnitou. wliQ baslHYnEO trained liiyuulhlhal 
~~ ' dy is the Radv seivani ut bis ictll, and 
irilb imsv and pleasure all Ibe nuik 

. jaamccbanlsm, U)scHFBb)e«f:Kbese 

AKlkutUnclntr, cold, logieeu^ne. vith all 
Mils of oqnal slrengib, and in eniootb 
_,iKlQg order 1 l«Hlr, like > stram-en^cine, 
Iv te tumvil lu any kind nt wotk. and ^pin 
'• (tossiuwrs as well as forgu Ibe ancbeis of 
« mind ; wbn«« mind U stoted wllh a 
ju Kkdgv uf ihu gt«at and tundamcuial 
rvihs of Nattue ajad uf ibv la«s if ber 
j|KrMkai« ; oeo nbu. bo rtonled asMiic. is 
htl 1^ Uto au4 Arv, but vhusv pusioos m 
tn>itta-i !■• ckmM l<i ItMlbyMTigarMu viU. 
tbe svmnt of a tender eattMxwx : wbu bas 
iBnwtl lo law an bmiiy, «Mb«r U K«- 



ture or of art, to ubIb all vilKtcaa, and ta n 
apeci others 113 UlmHtlf. 

Bucli an ona and na ulUf r. I uunoeivt^ hi 
bad a lilicrul cducitioii : for he is, ascu 

Sklely OS a man cun be, ia liiirmooy w 
FiLture. Rs will make Ibu best uT liur, g 
Bhe of liim. Tliey -will gel on to^uilx-T rarely 
she ns his ever- beneficent miitbur ; bo as ba 
mnulh-pittce. her coDsciius uelf. bur ministe 
and interpreter. 

Where is audi itn cducaiiun aa this to 
■■ad ? Where ia there any rLppruximBllun 
It ? Has anynae tried lo fouad such an ed 
culiou? Looking n*cr tbe leDKth m 
breadlh of these islands, I am afraid Hut i 
these questions muxt leccive anegalirea 
swer. Qnnsidur our primary achoola, aj 
what is tnughl in them. A. child leitrns : 

1. To read, write, and cipher, more or le 
-well ; but iu a very large proportion 
casts not bu well as to lake pleasare 
reading, on D be atilu to 
est lelter properly. 

8. A qaaniity of da^uiaiie theology, 
which lliH diUil, nine liinei uul of Icn, 1 
dcrgtunda niixt to nothing. 

S. Mised up wUh this, so as tQaecm 
Bbmd or fall with it, a few of lUe biundes 
nnd simplest principles of morality. This, t 
my mind, U much oa if a nuui of scienc 
should make the story of the fall of th 
apple in Sawtoa'a garden an integral pal 
of the docirino uf gravitation. uadtMich I 
113 of equal authority with the law of tho iQ 
verse sqiiaro*. 

4. Agijoddeidof Jevish lilslarynnd S^ 
rian geography, an'l, perhaps, a little si 
thing abJuL English liistury and tbe g 
rnphy of Ihu caild's own country. S 
doubt if lUura is a primary school Id Englaa 
in which banss a mip of the hundred t 
nbicb the vilfage lies, h.i Iliat the cblldnH 
may be pmclicuily taught Ity It what h m^ 

5. A certain amount of regular!^, attoi 
tir« obedience, respect for otfaeis ; obtainei 
by fear, if the master be incompeient a 
foolish: by lovtT and reverence, if be be wisi_^ 

8o far as this schuul course embncaai 
training in tbe theory audprncUce of obedl 
enee la the moral laws uf Nature, I eladtj 
admit, ni>t only thai it contains a vidiiabl 
oducalioaal element, but that, so far. it d 



this direction with what miglit tic 
with tbe limegirenlit malleraof con , 
Ufulyno importance; with the abamc* 
any atleation to iliiaga of Iku higlwu a 
nipot ; ani one is tempted to think of F 
sIaS'3 bill and "the half peony worth 
btvnd li all that quantity of sack." 



with llto DMil npottaal iopac nE all 
leotcoMiIai-' *~- ■" 
l^iijws well nw^b tbat saen lUXa 



II ir^iiy. as the guide of coadacL Ttw diil 



ON THE PHYSIC^VL BASIS OF LIFE. 
lii tbe nature of things a r 

moral liiw, aa cogent and ea . . 

lliat TClik'ti underlies every physical Inw ; 1)'l(1 venliLiLiun nnd bHil (IrainaKC, t 

that steuliu~ and lying are just us certiiiu to whose ctiildren aio masEacred liy (iiBordciii 

be folluweaby evil consequences, ns putliaK which might ho pruTented, Not only does 

your ha>id in the Are, or jumping out of a our present primary cducalinn cari^fuUy hh- 

gairct window. Ajjain, thoujth The sclinlur "'"in from Icntitig to the woiknina Ihnt auintr 

mav haTu !)een rnadiiacqiiftinted, 'ndngmalic of Uis greatest evils are tiaci-ohlc In meii' 

raBnioa, ^Ih the hroad laws uf moralTty, he phjAioM nireucies, which cnul'l bt ttmovtcl 

\ms hiul no Irainine iu the appliealion of l»y energy, patience, and frugality: Iral i( 

tlioso laws to IheililUciiit prohlema wliicli te- "loeR wurse— it rcndere him, cd far us it cuii. 

nilt from the compius coudiiioos of modi-rn deaf to ihu!io who conld help iiini, und Iihti 

clvilizsXion. Would it not bo very liard to tu sulisiitiiie an Oriental mibmissUm lo wliai 

espeat anyoDu to solve a problem iu conic is falsely declared tu liu the will cf God. frir 

eectionawhohadmerely lieto taught theas- his natural tendency to strive afiur a bilitr 

lomsunddcliailionsof maLhematicui Eclunce ! coDditlun, 

A worktnun has to hear hard labor, and Wfial wondor, then, if very rewutly an 

lierUaps privation, while he HCesDihersruliiDg appeal has beeu mudu to slallslita for the 

in wealtli, and feeding Iheir dogs with what profoundly foolish purpose of showinu Ihut 

would ki:ep his children triim starvation, education i8o( no good— that It dlminiahcH 

Would it out be well lo have helped that neither misery nor crime, among tbe 



to culm the nalural itrompliogB of dia- of mankind T 1 reply, whvBbunld llie Ibuig 

fiontent by tboniug him, in Lia youih. llio which has Ikmh called erfucHlion do *Ilher 

atiXBUity conneelioo o( the raorallaw whicii Ibe one or the olber? If 1 am a knave or a 

prohlMla Bleuiiiis wilh thu Wabllily of so- fool, leaching me to read and write wito't 

cSety—hy proving lo him,ouce(ur ail, that Jnake me leas of either nne or ihu other— 

it la belter for his own people, better for unless somebody sbows me how to put my 

himself, belter for future generations, thai reading and wrilini; lo wise and good pui- 

he should starve than steal ? If yon have no poses. 

foundation of knowledge, . r /inbii i.f Suppose any one were lo ar^e that roedi- 

tboughl, lo work upon, what tlmucL , v cinu is of no use,. because it could tie [itowl 

you of persuadini; n hungry u.nn (but a ^ -,•- i-latialitally that Ibe pereenlngeut deal lis waB 

Kulial is uol a thief •' with a ciJCUR-.iiin- just, the sauie uranng pcuplu Who had Iwen 

dibu^"l And if he houeBtlj- believes Ibat, laught how to ojien a mediuine-cln'sl. and 

of wbn; avail is it lo quote the command- among Uiobb who did not so muuii ae hiiuw 

laent againut steBlinc, when he proposes to 'lie kty by siglit. The argument la alisurd ; 

maka llie capitalist diagoige ! but it is not more prepusk-ri.us ihnn Ihat 

Affain, llio child learna absolutely nut bing ngainat which 1 am coDteniliti^'. The only 

nf'tficliislory-opihe puliticBl orgnnizsiiim of medicine for sufierio!;, crime, and all the 

big own Cfiiiotry. His aencral impreasinn is, oilier noea of raaukiud. Im wisdom, Teaeh 

Uut everything of miich imporianee hap- a man lo read and wiiie, and you have put 

pened b very long while »go ; iind that the into his hnuds the great Iteya ol' ihe wisdom 

quuea urul Iho gentlefolks {govern ibctCiUulry box. But it ia quite another mailer whillier 

much after tbe faaliiuu oF King David and hi ever opens llie bos or not. And he is as 

the plders an.l nobios of Isincl- hia sole Idteiy lo puiaou as to cure himself, if. with- 

model'*. Will you five a m.in wldi ibis out i!uidBnce, he swallows the first drug thai 

mU'Th i.iformuliou n vote I In easy times he comes to hand. In iheae limes a man may sb 

Nllsil for a pnt of beer. Why ^lituld he well lie purblind as unulile to read— lame. 

Dot? It is of about as much uhc to him i a na unable to write. But I pioteal thai, if 1 

oUgn.in, iind he knows as much what to di> thouKht Ihe ultemutivo were a iiecL-ii£ary 

wiln it, for aoy other purpoEC. In bod one, 1 would lalherlliut Ihe children nf the 

times, on the contrary, ho appiiea his wniple poor should grow up ignoiant of both these 

Iheofyof giiverumeot. uod believea that ilia mighty arts, than Ibal Ihey ehunid remain 

mlera itr'> tbe cituae of bis suETerings- a be- iguoruut of thai knowledge (o which these 

IIb[ whicb somelimcB benia lematkable prac- arls are means. 

licHlflUllK. 

Lciut of all, does the obild gotlier from It may ho said Ihnl nil Ihcfe BDimaiivpr- 

lljla primary ■' education" of ours a eoncep- slons miiy apply lo primniy fchouis, but ibr.t 

■too of the laws of tbe pbysical wocld, or nf Iho higher Ecbocls, at any late, must tie i>1- 

IM WlaliouM of cause and cHect therein. 1-iwcil lo jivo b libeiiil education. In fact, 

And Ibis h Iha more to be lamtuted, as the they pioffstedly sacrifice everything else lo 

powaro Cflpecially exposed lo pbyttical evils, 'his object, 

md are mure interesied in removing Item Ltt us inquire into this mailer. Wlinl dn 

Ihnunny other class of the ccmmunily. If the htgli<t tchoola, IhoEelo which thegiiui 

nnynoR i» concerned in knowing iboorainary middle tlniB r.f the country sends itehikiini. 

Uwi lit luecbanlcs, one would think It is the teach, over und aboTe Iho inslruction givi n 

haait-lii borer, whuse daily toil lies among in Ihe primai'ytcbucts? There isalillleDioic 

Isfers and pulleys ; or nmong ibe olhcv im- leiidLug and writing of English. But, for nil 

Blemaot* of artisan work. And if anyone is llinl, everyone knows that it is a rate Ihicg 

iDlerestcd iu iho laws of hcnlih, it is the pour Iu lind a bny of (he middle oi upper ctseaea 



J 



ON TITB PHYSICAL EASI9 OF LITE. 
Iio CKiinfiilalcnrl decenily, orwho can pat '»[etl>gent apprcbcoBlon of, vid olicditii 



liciJElii. CO raptr In tJe»r and grammat- *"■ "'*^ ''*"* ">' ""^ creaiion and dlawllmii 
("'•fijf nul,lii(ri:f jtoid or clicaul) Ian- "^ wi-allh, and ot the Mabb (.■qUilib: 



, . TU'"fliibc.liTg '(irilii?Ii,iTtrK'Iu)oiB 
■ M'I'I'"'' I'll" tJiirtulaij m mil I' mm its in 
I- Iilirhir; intn iMitlimiiic, tviilj u liilleal- 
I'lu, a hllln tiidlJ. But 1 duitll if tine hnv 
Cm- Liinilicil Lun mer Lcnid ItK-Uxplnnii- 
II (if a iii'w (,f uriibmtilc. or knows liU Eu- 
klidMliiiwlM-Umhli 



tlie fcrcea of aucietj, it is preci.sely llii ' 
liou. Aud yet this is wlial llici« wwi.tui 
people tell tlieir sons: "At liie uist 
frumonetoiwoiiiouaandpoaadsof onrba 
ciiruud money, wa devolo ttculrs of I 
most pri'clou* jo]rs of your Ii»e« toi<ciui. 

,. TliBQ you sliall luil, or ba aupposud lu luU 

Of Unolipy, ilic tuiddlu cIkfs (clioclliuy '"" llicro yon BUallnoileam onesinslelliiil 
lu i»ih..r '-.«. ii,|,u poorer ■'hildrcn, hfB "^"'l Uioaeyoii will most van t lo knnwd 

■ ■ roclly you leai'uBclniol and eutur apun II 

piiK-licul Liisioess of life. Yon irlll ia a 
probability yo into business, but you aba 
not know wliere, or how, auy uriiclu of ooo 
mercu is pruiluced, or the diSercnoe bctwtw 
an export or on import, or Ibc nii-ttoiog t 
llic word 'oflpllal.' You ivill very litel 
sellle in a cofocy, but you sliall not knoi 
— hellier TnsmanLa is part of Nov ~ 




llttClio!). 

mnjiiriiy 
wbtii be 

liwy nnd 



EtttLlidtly irnd It«« tdnlivcly, hei: 
"■« f II niMiy oilier dnima upon li' 

■'" "By llml, in ilio pn 

. .9 itlfua uniLlB eubji 
Jtnvi'i ti'boul am of ilic awH t\ 
ngut tlttiTipltun, imd ii>^mjc'Iiik ,i 

il inipitMioni iif ibtMiiin ].r [ir- MiiiiL in 

,_'NIllllgrnlIvi.'tBUIilUiili< l.j-in U\ |ii,iH 

■ Mnli-rn Fcf.pr«iil].v, ni...;. ir. hiVii„y. mod- 

ui'ipi'. 11k- Eii(;litji liiiijrimjiH as a 

III 1. l.ik- circloof Ote ECieccM, 

' ' "il Boclul, arc (.'Vt'n mote 

'li in Ibu iiitfbfr iIjiiu fil 

I .''■" Ik Up till wiihin n f.w 

li, 11 Iji.y niiplil hftve ptipttd ibitujili 

1 li:i- tKiil pUl)licKiiE(ilswi[|j ilio 

liiHiiKimn iind cndii, and ndglit 

iMU'li iifi Imvo Jiinid of cue of ihc 

iin nitntlpBtd. He mitbt 



Wales 

"Very probably yoii may btcome ..__ 
JMturer. but you aball not be provldei) wi 
tbe muiLas of uudurslitudins tbo workiaK 
one of your own steum-euginL's, or the - 
luro of Iha raw products you employ ; tt_ 
wbuii you nre naked to buy h p-iient, yi 



tbe I'urlb goes round ^'^'^<^' 
lid UDiJetwim a gr. ■ "" ' 
lid Fib WB Bnullier 



loutravening the elemenlary principlea 
"'eufe, or a man who wili make jou ua lioU 



llj KilH 



let ua pNiisH In cficsidcr Uiis wonder- 



\ ou will very likely get into Uie Houu 
u... .,......,.u "' C.imaiaus. You wilt have lo lake yuu 

IP, lifUou "'"'"' '" ""al»ins liiws wbicb may prove 

tirsi mlpbt Wrasing or a curse lo millions of mon. Bi 

lithmanior ?"" ^""" ""* ''S" one word reapeciinE Ui 

iTnlrnry publiciil orijaniiaiiou of your country! 11 

.J bo woid ""■■"'ii"K of Ibe controversy between frt 

ould bodtKletliy *'"i'"ers iiud protection is is Bball never hai 
been meulioued to you ; you eliaJI not M 
much as know that ihuru aru suclt thiugau 
L'couomical laws. 
i„ "The mental power which willbe of mo* 
^ impurlRui;e ia your daily life will bs tl» 
line nbi.111 Iho '"*"" "^ "^^IS V^taga as they uie withoul 
r lilt' exlBliDg ii^safa U> aulliority ; and of drawing 



tnid ibot ihls wni the slule of 
rs bntk. fur Ilie Fukc of ihe 

vt'" ^irc 1f> Ic fcund 



mi'ti Enjtiishnii-n will quote it as tlie Btcck 
Xnrnplv of lh(ii«i(ilIosUi|ildilyof ihrir ances- 
tiw« in Ibo nintlvenili cenlurv. The nioM 
Ihuroiijchly ciiinmurcial ii«op1e. Ilie gieoicst 
virfuniHpy wimderors and oolonials iliu world 
IkNS Bier wen, nto ptwrlsely ilie niiddlr 
» of Ibis i!uuniry. If lUero be a pwpli 
li lias Utm I'uay mKklog history on ih( 






jeneral conclusions from partioular 
But at school and at college you ebHll knoW 
"' "" aimroe of truth but authnriiy ; 



faculty upon nnji 



a smiu for tho last llirce hundred years— —iiie world of ait. 
the niiat profoundly ini«r«siing liistorv °''l" J ""^ "SbUy 
Uilory which, if it happened lo be luat of P™P'^' * I »» I'l'W 



but dt;ducii(ia from that wliicli is Jaia ^ixwil 
by outhorilf. 

" You will bavo to weary youreoul 
TTork, and miiny a time cat your bread ii 
sorrow and in biiternesis, aud yuu sii«U no* 
have learned to take refuge ui the great 
sjiiitio of pleoaura withoul alloy, tba 
resting-place for vom humaa nature 



indthe 

•-bUiLury which, if it happened 

two or Ibmte, wo should study wim 
dily— it is iho English. If theiv be a pei>- 



^lopod ft _ .. 

~iu. It there lie ■ iiaiiou whose prosperity 
(wada alunlutely and wholly upon Ihcir 
Meiy over the forces of Nature, uifonltkeir 



iilucniion 
subjects a 
__^^^ wtucatiOD. "But is an educslioD 
is our "''"■"s ""^"n »" » liberal educnlinn t IfjiyTt 
it loo much lo siiy that Ihe edncaiioa wbleli 
Bb(>iild cnibracotliese subjects aud do oUieis, 
would be a real education, though an locom- 



irely devoted to th^ omillad 
ipletcly liberal 
I. on -rbictl ie- 



ON THE PHYSICAL BASIS OP LIFE. 
pleteone; while nu educiiUon irhjcli omita ns to beat the receot famous proilurlioa or 
tlicni 13 rfnlly nol an cducmion nC oU. but a the hend-niuBlers out of the flelU io nil llirpn 
leas useful coursu of inleltectuat excel lunces. Next, 1 could exeitise my lioya 
ics^ upon Qu^y fusalls, und bring out ilII tliiir 

puwura 01 memory and nil ihdr ingenuity iii 
lint (iofS Ibo mIdille-clnsB school put t lie application of myoHtoo-gniniiiittliLiiliult* 



la llic pli ^. ,.__ 

leTloulT IhsuUalitules whnt is"usiially com- 
prieol unrlcr iho compendious IJlte of Ihc 
" — Itat IB Io say, Ihu languages. 



Hid lileiuturc, nod Ihc liistoVy of tliu a 
Ore^a and Itnmans. and the gengropbj of 



to llie interpretation or conBtruing of lluxc. 
frBgmt;uta, To those who had imched lliu 
higher cliisnea, I might supply odd liones lu 
be Imilt up into animals, giTing grciit honor 
iind ruwurd inliim who succcedud in faliil- 
ciillng mouBlera moRi culjrely in accurdanco 

._ of Iht! world aa wan Euunu to "'l^' •I"'' ■'ules. Tliat would nuswor Io 

Ihcse nvo great milioas o£ untiipiily. Now, verse-moking uud easay-%¥riijns in the dead 
du uoi expect ine lo depreoiuie ihu corotst lanifuagns. 

nud enlightontd pursuit of cluasical learning. TohusurK, jtagrentcomjiarativoanalomiat 
I tmvo not (Ue least deij ire to speak ill of uuuh were to look ot lliese fnhricaiions. he mi^ht 
ocvupalions. aur any aymputhy with Ihuse ahnlco his head, or laugh. l!ut what thtn t 
wlw ruu ih«m down. Uu the couttary. if Wouli! Buch a caiiislriipho deal roy the pur- 
my oppuriuDiiics had lain in that direction, "'I'-'' ? "Whtit think you would Cicero, or 
there Id uo iuvesligullon iiilo which I uould Hornco, Bay to the produclion of the best 
lui»o Ih'owu myotif wilh greuler delight eisthform goiogV Aiifl would not Terence 



Iluia thul of uulKjuily. 

What scieiico cuu present Rreater utlrac- 
liODa than philology r Uuw can n lover of 
lltcnuy excelluDce lull to rejoicu in the nu' 
clent nuwlui piiices ? Aoil with what oon- 
8l«U>m:r i^^uid I. wIkibu liusineBti lies no 
m'vcb m tiio .ilieni)it to decipher ilic past. 
anil to UuilU up inielligiblo forma out of ilic 
iciiticn.ll fmgmenla of ling-cxiiuot bcmgs, 
tftil lo Wtka a. sympalhelia, Uiuugli hd un- 
learned, iaterifst ip tim luliors of a Nieljuhr, 



ft GlhlMu, <) 



atop hia earn and luu out if he could Ito 
present nt nn Eugliah ptrformanco of hin 
own plays? Would Uumlet, ia thBmoulhB 
of a set of French aclora, who should iiigist 
en pronouncing Enflish aflerlhe faahion of 
lUcirown tongue, lie muro hideously ildieu- 
lous? 

Hut iC will be aaid Ihnt I am f orgclling (ho 
l)eau!y and Ihe liuinnu intcrcBt wlilih up- 
peruin lo classical studies. To this 1 reply 
only 11 iffiy *(roug mun who CI 



Ic? Classical history Is apprcciutu Ihe chuiinB of a lunilacape, na hu 



.- ._ respect f(,. . I no "..■.-■.■"-^-"i«, o.<,ui=, ,,hb, 

lor vlbvT ktnda of pnlsontolo^y— lltut is lo ""^ *> pervading SEnse of (ho witdum of t«st 

*ur, a respect for the facia which iteslab- "ti'l '"^ IhaDklul, must uf us hate lillle 

lanesna ' ■■ - - ■ - 



■••go, 



enough EeuBH of Iho beautiful under Ihesu 
litcumslancts. The ordinary Kchoolboy ia 
pieclsuly in this case. Hu Hnd.t PurnasGOB 
uucunimnnly Bleep, and Ihcrc is no choneo 
i^f his hiiTing much time or inclioulit.n to 
look about him liil he j(els lo the top. And 
uiuo limes out of lenho dees not gel lo iln' 

- — thn lop- 

i>E llie Muditci raueau, two thouxand I>iit if this he a fair picture of Ihc rtsiills 
o, wcto Iraprlnied nn the minds of "^ classical leiuhingat ila best— and I pnlher 
I : if iiucient hUlorr were laught, not from ihoso who huie auihijiiiy to speak on 
•ary M-riex of fuutle und fighls, but ^uih mallciii ihal tt is at— whar is to be said 



I na fur all fads, und a still greater re 
(pWt fur it as B preparation for Iho diECov- 
«y uf a law of piogrcss. 

But if the I'hitEEios weic laudit aa ihcy 
ml^ltt he tnui!lit — if Ikivk aad gTrls wore iu- 
dritclcd in Ort'ck iin<rLiitin, nut merely na 
Jaopingoe, but u i lllusiiutlijus oC philolnglcal 
*^"' — ■' - 'ivid picluro of life "~- " - 



ttuncd toils causes in sndi men placed 
onder «uch conditions ; if, lastly, the aludy 
i>f the cIjh ' ■ '-' ■■— .— . .' 



.(Ff I 



of classical IcBchlng at its wiiist, or in olher 

words, of Ihc t ImticB of ouroidiuaiy middle 
,„ cldsa i-choots?* I will lell ji.u. 11 m tuns 
j(h gelling uptudliss loimsnod inles by henrl. 
inn wiiu the grand simpliclly It means turning i,iiiiu ui'd Giceli inlo Eng- 
:i'.-Jil of Ihe cTorlttsling prnb- i'th, f(,r the men- mkt i I h< iiig able to dt fi, 
M life. iuBiead of wilh ihelr "ud -wiihout ihu iniiilli.! ugard to the 
riimalical pi culiariliea ; I still wmlh or woTlliliftnrfs o( the author lead. 
•! piopcrlhiit they ^hnutd form It means Ihe liarning of inuumrtable,ii< 
lihurid cdiica"' - '- - ~ '' ' '•'' ' 



tUDporHrie^ iis I hlimild Ihiuk it filling 
IimIiu tb'it a TL of piiiiLKiitoiugr Willi whith 
I UK rmniliiir the buckbunu of moderu cdu- 
BalliHi. 

It la wimdcrful hiiw close a parallel (o '»t iriii.ia 
du*ical tininlag could be mudit out uf Unit fmully. Ih 

ptiKanlnlngv t.i whim I rcter. lulhcflihl 

pUnt I c:.uld get n,! nn osteoloeiual piimer ^^Zfltill'^^'^Zhlb. 
■O »n<I, ».i pwliintic iH Us termiHology, so EiatsMoD," jnaim. 
•ItegcilierdiBlastefulu the youthful mind. 



ways decent, fables in eiich u ahape ilint Ihc 
mcunlng they once hud la dried, up inlo utier 
inith ; iind the only inipitssiun leflupcna 
hi/y'a mind is, lliut Ibu people who ln- 
lieU'd Fui'h lhiiicsmii<lhuvu litcn thegicnt- 
r^t idli.ia ihc woild (tit euw. And it moms, 
aftecadfKenjtbrs Epenlatihia 



■ Llbnn 



ON Tim rilYSICAL DASIS O? LIFE. 



kind tif work, the suffeiei -JiuH be In com pc- 
ttnC Id itilcrprct a pncfH£U in nn aulliiir lie 
litis not BireuSv gul up ; lliut lio chall lonlhe 
Ihc slfilil of aGretkorLailn book; nndilmt 
lie sliiiil never open, or Ihlok of, a cIuEsii;al 
writer ngain. iinlil, wonderful to rekle, lie 
ioetHls iipun submilliDg Ills sona lu Ibe sunie 

Thtpe lio your gadc. O Israel 1 For tlic 
»Hke of iWs net resuli (andieBpectabilil.v) Ihe 
Brilish fftUier denies hia children ail the 
knowledge lliey miKht turn lo account la 
life, not merely for Ite nehievrnient of ^ul- 
niir Bucces.i. but for Buidance in the great 
(iriseB of human existence. Thin is Ihe Bione 
lio offers l<j Ibose vliom he ia bound by ihe 
fclrongost and tenderest ties to feed frilh 

If primary and Eeoondary education are in 
Ihia iiasatiafaeloiy slale, -wLot in to be mnl to 
Ibe universilies ? Tliis is nn awful subject, 
and 000 I almost fear lo touch with my un- 
hallowed LandB: but I csn.tell you wliaL 
lliope tav who bavu aulbnrily to speak. 

Tlio Reclor of Lincoln Colk-gf, in his 
Inlely publlsbed, vnluaWo " Bufrgtslionafor 
AcHdeuiinil Orpiniiyilirn wilh especial le- 
ferencB lu Oifoid." tells us (p. 127): 

■■ The colleges wtre, in llieit orrgin, en- 
dowmenla, not for the elemenTB of a genetal 
liberal tdncalion, but for Ihe prulonpwi 
study of (special and profeesionnl faculties 
hy men of liper age. TliB uuiverBlties em- 
braced bolU these objecls. The colleges, 
while they incidentollvaUlud in elementary 
education, were fpccially ticvoled to the 
higliest learning 

I" This was ibe ILeiiry of the middle-ape 
uniTCtHly and llic design of eollegiale fouii- 
datious in Ibeir origin. Time iind circum- 
Blanccs have brouglit aliout a tclal change. 
Tlio colleges no longer pn.mtne the rt- 
HenreheB of science, or direct profcssionni 
rtudy. Ileru and IhiTO college walls may 
shelter nn occaoionni filudccl, Iml not iu 
lurger proportiona liiiin may lie found In pil- 
valo life. Elementary leiicblng (.f joulhs 
under twenty ia now the ouly function per- 
formed by rlie univeisliy, and ulmoBl Ihe 
only object of college endowments. Colleges 
were homia for llio llfe-sludy of tliu highest 
aud miiBl alistruso parisof knowledge. Tliey 
bavo lieeomL' boarding-schools in which the 
1 Icuieols of the Icumcd lan^un.scfl iiro taught 



][ Mr. Patlison's high position, and his 
obvious luve aud respett tor bis university, 
InBiifflcienl tu convince the outside world 
thai languiige so Bcvern is jiit no moro iliau 
in-il lliB authority of Iho CominisBinnerK 
wb.i repnrled on tlie TJniveraiiy of Oxford 
In 18.11I ia opcu to uo cliidlcnse. Yet lliey 

■■It is generally ncknowlcdged tiiul linlh 
Oxfonl and the country ai large^auHur greatly 
from tlie absence of a bfidy of learned nica 
deroling ilielr lives to tiiu cultivatiun of sl-I- 
ence, imd t3 Ihe direction of academical edu- 



■• Tho fact that so few boftks of profonnd 
rtst-arcli tmnniiH! from lliu Universiiy <■' 
OiifDhl. niatcrinliy impairs lis character as 
set t>[ li^iiLuiu^, uud cimsecjueully its hjld o 
the respect o! Ilic nnlinn." 

Cnmbi'idgo can cloini no exemption from 
the reproaches addressed to Oxford, Ani( 
thus there seems no escape from the admlM 
sion that what we fondly call oor great seaU 
of learning arc simply *" Ijoarding-BcUoota" 
for bicgor hoys ; that learned men are nO 
more numerous iu Ihem than outoflhcm 
that the advancement of knowledgo is ni 
the objectof fellows of cclluges ; that, in tl_ 
philosophic calm and ineditativo Btilloess a 
their greenswnrded courts, pliilifsophy do 
not thrive, and meditation bears few frnits 

It is my grest good forluao to iCcItM 
among my friends resident memljera of twth 
universities, who are men of luamlng mw 
research, zealuus cultivators of Bcieuco. ktsett 
ing before their minds n m>bluideHl of a uB 
versity, and doing their best lo mako tin 
idea! a reaiily ; and to mt-. they would ne 
essarily typify tho univei'sliluB, did not U 
autliorllaLlve statemenls I have C(ui>lcilt con 
pel mo to believe tlu.t Ihcy are ezceiilioDi 
and not repreBenlativo men. Indeed, Upt 
calm cun.'iideraiion. sevend circunislana 
lead mu to think that ibo liector of Linu«r 
College and IhcCommlaaioners cannut Ix U 
wrong. 

I belicvo Ihero can ho no doubt tlial U 
foreigner wlio shgulil wish li> l>e(!anie a 
qunirited with the Kcieiililic or 
activitvof modern England, 'would aim|t 
lose Ill's lime and his pains if lio vidlBd 0»* 
univcrsilieH with llwl object 

And, as for works of profound reaearchf 
any suIiJim;!. and, above all. in I' 
lore f.ir which the univeisilios .. _ . _ 
aacriflcu iiimost everything else, -why, 
thlnl-iaie, pj^erly-stncken Gernian univa 
sity liirud out more produce of that kind 
one year than our vast aud weailby foun 
tions elab urate iu (en. 

Ask the wan wlio is inveatigatiug l 
question, profoundly and Ihor o uglily— bo- 
biBtorleal, philoauphical, philological, [ibji 
cal, litorury. or thuological ; who is tfylsg 
make himself master of any alwtntcl n 
Ject (except, iierhaps, political cconomrn 
geology, both of wiilcii are intenaely Jl 
glicaii Bcleuces) whether he is not compeU 
luread half aduEHU limes as tmrayGenD 
as Euglisli books? And whelber, nl tho 
English books, morn Hum ouuinltm !• ll 
woik of u fellow of a caliege. or n prufen 
of an Eagliah university t ' 

Is lliis f ro;n any lack of power in Ibe £n 
lisli as compiiteil with llic Uermnu tnllU 
Thu cdunlrympu oC Grute iitid of Mill,! 
Faradnv, of Robert Brown, of Lyell, nod, 
D.irwin, to go nu further back than llw ff* 
temp.miries of men of middle Hgu, i 
afford to smile at sjeb a BuggeHloU. B 
land can show now, as filie has bucM u^ihi 
show iu every generation ainoo uIvliiZHll 
spread over LUc West, iudivtduul oitii V 



Bur, in llie mnjarity of caaeii, Ibeso men 
uro wlmt iliujarc in virluu of their nolive 
ialelk-cdin] force, iiai of n HlTenfjili uf cliur- 
ocler wliich will not rucogaize impedimenH. 
They nri! not tnuned Id tliu couna of Ibi- 
Tempio of SciL-nce, but slarm Ihu wnllsof 
tliat vditli-'e ia nil sotlB of irri'^ular wnys. 
nltil Willi luni^i loss of lime nnil poivsr, in 
order In oblaln Ilii:ir iugillmiilo pu9i[[ona. 

Our unlversilies not only do not enconnigi! 
auch men ; do not otter them poslljuna, in 
which it sliould be their hinlieiit duly to do. 
iIionJUL^hly, thai which tiiey nri; iniut cnpii- 
lile of iloiiig ; but, ns far as possible, uuiccr- 
■ity liaining shuts out of the minds of ihoDU 
unang them who are sublecici to it llie 

Sifoapcct that tburo is unylhinK in I he world 
or wliicli iliey are spcciiiHy filled. Imagine 
ibe siicra>SB of tho attempt to Etill Ihi: iutt!- 
leclual liiinger of iiny of the ]iipn [ linvt! 
roenliiiiK^, by putting before him, n» lliu 
object of Miatence, (be (mccessful mimici-.- 
of thu mensureof A Greelf Huaj^. or Ihu roll 
of Ciceronian proEe I Iniiigine liow much 
aucctiBB woald lie likely to iiUcml tlie iiiicnipt 
li> p«TSLinde such men Ihat the edui'iitlon 
whirl) Iccidfi ti) prrfeciion in euch I'lctrtiiicifs 
is atime in be culled culture i ivhiie thu fiiets 
nfllist^ry, tint procads of lli'Jiighl, Ibo uon- 
dtlinns of moral and social exi»lence, und 
llic latrs of ptiy«iciil nntun.', sre lett to hu 
ilenlt Willi oa they may, hy ouitlde barhu- 

It ia not thus tbiit the Gorman unirerailies, 
frnm buiug beneath notice a centiiiy ago, 
have bsvome wbat llicy nre now— liits mifct 
Inliinsuly cullivaled aii^ the moAt produi'iiic 
inleileclunl corporations tbo world has ever 

The Htiidcnt who Tepiiirs 1o llicm bees in 
(ho list nC claaaes nod of professuts iifnir 
picture of the world of liuowledge. Vi'liui- 
entr bo needs li> Icudw. there ia arimu iiuo 
mtly to ti'Reb him, some rme competent ta 
dteciplific hira lu the way of learning ; whot- 
erer bis apeuial bent, let biit) but be nhte and 
dlligettt, and in due lime hu shall find dis- 
IbicUon and n ciiteer. Auiung bis profva- 
BOre, he nki-s men wlmae names arc kunwn 
and revered ihroiighoiit the civilized wnrld : 
imiilheir lining exiimpJe infucia liim Willi a 
noble ujubitlou, nnil a luve for Ihc spiiit of 

The 

world I _ 

flmlwhkh iLiideNii. 

Einnpu. Thiv l.iive detlared lit eiti-rUre 

matrte iii'-i- l/i!.i'in, and overy Burscli 
murnbcs Witli n ]^rllre!^so^'s giiivii iii bia 

kjinpBilck. I.:r !,ii-i l. ■.■.im. ;; ■.■;i-;:l - \:uh:r. 

or mail uT MT. ■ ■ ■[[. 

f«u ftir hi^ -■; ■ -i., 

\M WKllid ri!l ,1 !■ : l.,-'M - ■ , I'l I 1.1, ■■ 

IWtdi'aiit nhul cuuviis^ una iIkj li.ml v:U- 

(km III a mob of coimiry pnrsiuis. 
lutihurl, iaUtnuunf, the iinlvetsKics arc 



csactly whnt the Hector of Lincoln and Iho 
ComnilHBioners tell us the English univerai- 
lies are not ; that is to aay, corporations " of 
lofttneil men devoting their lives to (he cul- 
livalion of acicnce, and the direction of 
academical education." They are not 
" boarding- school a fur youths," nor clerical 
uemlnariea ; hut institutions for the liigher 
culture _n[ men, in which the theological 
faculty is of no mtire Importance or promi- 
nence than ifao rest ; and which are truly 
■■nnivergiiies," since they strive to represent 
and embody Jhe tolallty oE human ttnow- 
leri^e, and to find room for all forma of in- 
tellectual activity. 

May Kpulmia and (deir-headeil ref^irmer.i 
like Sir. Pattisiin aiiccoed in their noble cii- 
desvota tii shape uur universities toward aomo 
such ideal as Ibis. wUbiiut losing what la 
valuable aud distinctive In Ibeir social tunc I 
But until they hare succeeded, a liberal eda- 
eation will hu no more ohtainablo in our Ox- 
ford and Cambridge DniverKilies ihim in our 
piiblieacbcTDls, 



If I am juEiified in my co^ception of the 
ideal of a liheral tducaliou; and If what I 
have said about the cxialing educational in- 
alilntions of the counlry is also Hue. it U 
clear that the two have no sort of relatinn lu 
one another! that the best of our achoola 
and (ho most cnmplelo of our university 
IrainingB give but a narrow, one-aided, anil 
caaentially illiheml education— while the 

lion at all. The BouUi Loudnn Working 
Men's Colle.ita could not copy any of IlitiU 
insUtutiona if it would. I am bold enough 
10 cJtpress Iba conviction Ihut it might not if 

For what iswnnleil la llie reullly and not 
the mere nam a of n liberal cducallon ; and 
this CollcKc must aundily set before Maelf 
Uio ambilion lo he able 10 give that edu en- 
lion sooner or laier. At preaeul. we ni-c hut 
beginning, FhaijU'ding our edueatlmml loula, 
as It were, nnri, except ii niodieimi nf phyel- 
csl science, wo are nut able to offer .'audi 
more thmi ia lo hu founil in an Oidinnry 
aehnol, 

Moral and Bociul science — oueof thu greal- 
esl and most fruitful of our future cIiisBes, 1 
hnp«— lit ]iresent lacks only one lldug in our 
pr.ignimme, and lljut is a teuelier. A uoii- 
aidw ublu want, no doubt ; but it must be ii- 
coHccIihI tbiit it Is inucli better to Want u 
teacher than to want thu desire to learn. 

Fuither. weneed wluil. for want of a het- 

tl'SSfi 

[■ii]ia .11 i:r thu 
iiii.ns 10 oihur 
lure, and i.f its 



Whutlmcanialhiil uli 

■■ Ei-dkiinde." It Is » 

caMh. of ita pliiie ^m, 

liodies ; of its getii'iiil 

g'i'ul features— u iNil». iiuea, inuunlaiiw, 

pliiins ; of the chlif forms uf the vegFtaWe 

nn.l animal woTJdy, uf !!■« varieties oF mar. 

Jt i:t the peg upon which thefrrealest >piau- 

liiyi-f usetulaiiil enierlaiuing ucicntitlc iii- 

fi.imaiiDn can lie suspended. 
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grarnmo ; but I hope some day to see it 
there. Fur literutute is ihc greatest of all 
sources of refined pleasure, uud one of the 
great uses of a liberal education is to enable 
us to enjoy that pleasure. There is scope 
enou<;li for the purposes of liberal education 
in the study of the rich tren&urcs of our own 
language alone. All that is needed is direc- 
tion, and the cultivation of a refined taste by 
attention to sound crilfcism. But there ic 
no reason why French and Getman should 
not be mastered sufiicieutly to read what is 
worth reading in tiiose languages, with plea- 
sure and with profit. 
And finally, by and by, we must have 



History ; treated not as a succession of bi^ 
ties and dynasties ; not as a series of biogra. 
phies ; not as evidence that Providence has 
always l)een on the side of cither Whigs or 
Tories : but as the development of mac hi 
times past, and in other conditions than cur 
own. 

But, as it is one of the principles of oui 
College to be self-supporting, the public 
must lead, and we must follow, in these mat- 
ters. If my hearers take to lieari what I 
have B2id about liberal education, they will 
desire tnese things, and I doubt not we shall 
be irble to supply them. But wc must wait 
till the demand is made. 
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Se first half of Ifie seventeenth century 
e of the great epochs of biological 
■idence. For though suggestions and In- 
dications of the conceptions which took 
detinite shape, at that time, are to be met 
with in works of earlier date, they are lit- 
tle more than the shadows whicli coming 
truth casts forward ; men's knowledge 
was neither extensive enough, nor ex- 
act enough, to show them the solid body 
of fact which threw these shadows. 
But. in the seventeenth century, the idea 



E the I 



r3- 



life . 



1 the i 



capable 

way as other physical phi 
therefore, that the living body is a mech- 
anism, was proved to be true for certair 
classes of vital actions ; and, having thus 
taken (irm root in irrefragable fact, thi 
conception has not only successfully re 
pelled every assault which has been made 
Upon it, but has steadily grown in force 
' " I of application, until 



the expressed or implied fundamental 
proposition of the whole doctrine of sci- 
entific Physiology. 

If we ask to whom mankind are indebted 
for this great service, the general voice 
will name William Harvey. For. by his 
discovery of the circulation of the blood 
in the higher animals, by his explanarion 
of the nature of the mechanism by which 
that circulation is effected, and by his no 
less remarkable, though less known, in- 
vestigations of the process of development, 
Harvey solidly laid the foundations of alt 
those physical explanations of the functions 
of sustentation and reproduction which 
modern physiologists have achieved. 

But the living body is not only sustained 
and reproduced : it adjusts itself to exter- 
nal and internal changes ; it moves and 
feels. The attempt to reduce the endless 
complexities of animal motion and feeling 
to law and order is, at least, as important 
a part of the task of the physiologist as 
the elucidation of what are sometimes 
called the vegetative processes. Harvey 
did not make this attempt himself ; but the 
influence of his work upon the man who 
did make it is patent and unquestionable. 
This man was Rent Descartes, who, 
though by many years Harvey's junior, 
died before him ; and yet, in bis short 
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span of fifty-tour years, took an undisput- 
ed place, not only among the chieis of 
philosophy, but amongst the greatest and 
most original of mathematicians; while, 
in my belief, he is no less certainly entitled 
to the rank of a great and original physi- 
ologist ; inasmuch as he did for the physi- 
ology of motion and sensation that which 
Haxvey had done for the eirculation of 
the blood, and opened up that road to the 
mechanfcal theory of these processes, 
which has been followed by all his suc- 

Deseartes was no mere speculator, as 
some would have us believe ; but a man 
who knew of his own knowledge wliat 
was to be known of the facts of anatomy 
and physiology in his day. He was an 
unwearied dissector and observer ; and it 
is said, that, on a visitor once asking to 
see his library. Descartes led him into a 
room set aside for dissections, and full of 
specimens under examination. " There," 
said he. " is my library." 

I anticipate a smile of incredulity when 
I thus champion Descartes 's claim to be 
considered a physiologist of the first rank. 
1 expect to be told that I have read into 
his works what I find there, and to be 
asked, Why is it that we are left to dis- 
cover Descartes 's deserts at this time ol 
day, more than two centuries after hi: 
death ? How is it that Descartes i; 
utterly ignored in some of the latest works 
Vhich treat expressly of the subject 
which he is said to have been so great 

It is much easier to ask such questions 
than to answer them, especially if one 
desires to be on good terms with one's 
contemporaries : but, if I must give an 
answer, it is this : The growth of physi- 
cal science is now so prodigiously rapid, 
that those who are actively engaged in 
keeping up with the present, have much 
ado to find time to look at the past, and 
even grow into the habit of neglecting it. 
But, natural as this result may be, it is 
none the less detrimental. The intellect 
loses, for there is assuredly no more effec- 
tual metliod of clearing up one's 
tnind on any subject than by talking It 
over, so to speak, with men of real powe 
and grasp, who have considered it from 
totally different point of view. The pai 
allax of time helps us to the true position 
of a conception, as the parallax of space 
helps us to that of a star. And the moral 
nature loses no less. It is well to turn 
aside from the fretful stir of the present 
and to dwell !\-ith gratitude and respect 
upon the services of those " mighty men 
of old who have gone down to the grave 



with their weapons of war," but who, 
hile they yet lived, won splendid licto- 
es over ignorance. It is well, again, to 
reflect that the fame of Descartes filled- 
all Europe, and his authority overshadowed 
it for a century; while now, most ot. 
those who know his name think of him, 
either as a person who had some prepoa- 
IS notions about vortices and was de- 
servedly annihilated by the great Sir Isaac 
Newton ; or as the apostle of an essen- 
tially vicious method of deductive specula- 
tion : and that, nevertheless, neither the 
chatter of shifting opinion, rtor the silence 
ot personal oblivion, has in the slightest 
degree affected the growth of the great 
ideas of which he was the instrument and 
the mouthpiece. 

It is a matter of fact that the greatest 
physiologist of the eighteenth century, 
Haller, m treating ot the functions of 
nerve, does little more than reproduce a " 
enlarge upon the ideas of Descartes. 
is a matter of fact that David Hartley, lit' 
his remarkable work the" Essa;? on Man," 
expressly, though still insufficiently, .._ 
knowledges the resemblance ot his funda- 
mental conceptions to those ot Descartes ; 
and I shall now endeavor to show thai % 
series of propositions, which constitute 
the foundation and essence of the motiemi 
physiology of the nervous system, 
fully expressed and illustrated in 
works of Descartes. 

i. T/ie drain is tkr organ (if semaiiottt 
thought, and emotion; that is 19 
say. some change in the condition oj 
the matter of this organ is the i 
■variable antecedent of Ike ttatt 
consciousness to -which each of (Aae 
terms is applied. 
In the "Principes de la PI 

{% 169), Descartes says ; — * 

"Allbough the soul is united Id the wbold- 
bady, its principal functions are, neverthe- 
less, performed in the btain ; it is here that it 
not only nnderatanda and imiigines, but also 
feels ; and this is effected by ihc intermedia* 
[ion of the nervei, which extend in the form 
of delicate threads from the brain to all 
of the body, to which they arc attachci 
such a manner, that wc can hardly tonch 
part of the body without setting ihe e; " 
ity of some nerve in motion. This o 

E asses along the nerve to that part of U 
rain which is the common sensorium, oe 
have sufficiently explained in my Treatise 01 
Dioptrics: and the movements which [-^ --^^ 
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1 along the nerves, as Ear as t}iat part 
e brain with whicli ihe soul is closely 

d and united, cause it, bv reason of their 

Veisc characters, lo have different thoughts, 
nd it is Ihese different thoughts of the soul, 
which xrisE immediately from the movements 
that ate exdted by the nerves in the brain, 
nhich we properly term our feelings, or the 
perceptions of our senses." 

Elsewhere,* Descartes, in arguing that 
the seal of the passions is not (as many 
suppose) the heart, but the brain, use 
following remarkable Language: — 

"The opinion of Ihase who think that the 
soul receives itsjiassians in the heart, is oE 
no weight, for it is based upon the fact that 
the passions cause a change to be felt in that 
organ; and it is easy to see that this chani 
iafclt, as if it were in Ihe heart, only by ll 
intermediation of a little nerve which d 
scends from the brain to it,- just as pain 
Felt, as if it were in the foot, by the interm 
diation of the nerves of the fsot; and the 
stars are perceived, as if Ihey were in the 
heavens, by the intermediation of their light 
and of Ihe optic nerves. So that it is no more 
necessary for the sou! to exert its functions 
immediiiely in the heart, to feel its passions 
there, than il is necessary that it should be ' 
the heavens lo see the stars there." 

This definite allocation o£ all the phi 
nomena of consciousness to the brain i 
their org^n, was a step the value of which 



difficult for I 



appra 



pletely has Descartes's view incorporated 
Itself with every-day thought and common 
language, A lunaiic is said to be "crack- 
bfained " or " touched in the head," a con- 
fused thinker is " muddle-headed," while 
a clever man is said to have '■ plenty of 
brains ; " but it must be remembered that 
at the end of the last century a consider- 
able, though much over-estimated, anat- 
omist, Bichat, so far from having reached 
the level of Ucscartes, could gravely argue 
that the apparatuses of organic life are 
the sole seat of the passions, which in no 
way affect the brain, except so far as it is 
the agent by which the influence of the 
passions is transmitted to the muscles,+ 
Modern physiology, aided by pathology, 
easily demonstrates that the'brain is the 
aeat of all forms of consciousness, and 
(oily bears out Descartes's explanation of 
the reference of those sensations in the vis- 
cera which accompany intense emotion, 
to ihose organs. It proves, directly, that 
those states of consciousness which we 
e the immediate conse- 
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quent of a change in the brain excited by 
the sensorj' nerves; and, on the well- 
known effects of injuries, of stimulants, 
and of narcotics, it bases the conclusion 
that thought and emotion are, in like man- 
ner, the consequents of physical antccc- 

II. TAe movements vf animals are itUe 
to the change of form af muscUs. 
which shorten and become thicker ; 
and this change of form in a mus- 
cle arises from a motion of the sub- 
stance contained Tvithin the nerva 
■which go to the muscle. 



" Moreover, we know that all the move- 
ments of the limbs depend on the muscles 
and that these muscles are opposed to one 
another in such a manner, that when one ol 
Ihem shortens, it draws along the part of the 
body to which il is attached, and so gives rise 
lo a simultaneous elongation of the muscle 
which is opposed to it. Then, if it happen.-, 
afterward, that the latter shortens, il causes 
the former to elongate, and draws toward 
itself the pan to which it is attached. Lastlv, 
we know thai all these movements of ilic 
muscles, as all the senses, depend on the 
nerves, which are like little threads or tubes, 
which alt come from the brain, and, like it, 
contain a certain very subtle air or wind, 
termed Ihe animal spirits." 

The property of muscle mentioned by 
Descartes now goes by the general name 
of contractility, but his definition of it re- 
mains untouched. The long-continued 
controversy whether contractile substance, 
speaking generally, has an inherent power 

■' "" or whether it contracts orriy 

.1, ui U.11 influence exerted by nerve, 
settled in Haller's favor; but Des- 
; statement of the dependence of 
muscular contraction on nerve holds good 
for the higher forms of muscle, under 
normal circumstances ; so that, although 
e structure of the various modifications 
contractile matter has been worked oul 
ith astonishinff minuteness — although 
Ihe delicate physical and chemical changes 
which accompany muscular contraction 
have been determined to an extent of 
which Descartes could not have dreamed, 
and liave quite upset his hypothesis that 
the cause of the shortening and thickening 
of the muscle is the flow of animal spirits 
into it from the nerves— the important and 
fundamental part of his statement remains 
perfectly true. 

The like may be affirmed of what he 
says about nerve. We know now that 
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nerves are not exactly tubes, and that " an- 
imal spirits " are myths ; but the eicquis- 
itely refined methods of investigation of 
Dubois- Reymond and o( Helmholz have 
no less clearly proved that the antecedent 
of ordinary muscular contraction is a mo- 
tion o£ the miilerules o£ the nerve going 
to the niusi.lc ; and that this motion is 
propagated « ith a measurable, and by no 
means great, velocity, through the sub- 
stance of the nerve toward the muscle. 

With the progress of research, the term 
"animal spirits " gave way to "nervous 
fluid." and ■' nervous fluid " has now given 
way to " molecular motion of nerve-sub- 
stance." Our conceptions of what lakes 
place in nerve have altered in the same 
way as our conceptions of what takes 
place in a conducting wire have altered, 
since electricity was shown to be not a 
fluid, but a mode of molecular motion. 
The change is of vast importance, but it 
does not affect Descartes's fundamental 
idea, that a change in the substance of a 
motor nerve propagated toward a muscle 
is the ordinary cause of muscular 
tion. 

III. TAe satsalions of animals 

lo a motion of the substance of the 
nerves iukick fanned the sensory or- 
gans with the brain. 
. laLa Diaptri^ue (Discours Quatri^me), 
Descartes explains, more fully than in the 
passage cited above, his hypothesis of the 
node of action of sensory nerves ;- 

" It is the little threads of which thi 
substance of the nerves is composed which 
subserve sensation. You must conceive that 
these tittle threads, being indoued in tubes, 
which are always distended and kept open 
by the animal spirits which they 
neither press upon not interfere witl 
other, and are extended from the br: 
extremities of all the members whici 
sitive — in such a manner that the slightest 
touch which excites the part of one of the 
members to which a thread is attached, gives 
rile to a motion of the part of the brain whence 
it arises, just as by pulling one of the ends of 
a stretched cord, the other end is instanlane- 
oosly moved. . . . And we must take care 
not to imagine that, in order to feel, the soul 
needs to behold certain images sent by the 
objects of sense to the brain, as our philoso- 
phers commonly suppose ; or, at least, trc 
must conceive these images lo be something 
quite different from what they suppose them 
to be. For as all they suppose is that these 
images ought to resemble the objects which 
they represent, it is impossible for them 1 
show how they can be formed by the objec 
received by the organs of the external sensi 
and transmitted lo the brain. And they hat 
'■—'-- reason for supposing the " ' 



ihesc images except this; seeing that the 
mind is readily excited by a picture to con- 
ceive the object which is depicted, they have 
thought that it must be excited in the same 
y lo conceive those objects which affect 
r senses by little pictures of them formed 
the head; instead of which we ought to 
recollect that there are many things be^des 
images which may excite the mind, as, for ex- 
ample, signs and words, which have not the 
least resemblance to the objects which they 
signify." ■ 

Mod 
conception of" the mode of 
sory nerves In detail, by showing that 
their structure is the same as that of mo- 
. and that the changes which 
take place in them, when the sensory or- 
gans with which they are connected are 
excited, are of just the same nature as 
those which occur in motor nerves, when 
the muscles to which they are distributed 
are made to contract : there is a molecu- 
lar change which, in the case of the sen- 
sory nerve, is propagated toward the 
brain. But the great fact insisted upon 
by Descartes, that no likeness of external 
things is, or can be, transmitted to the 
mind by the sensory organs ; but that, 
between the external cause of a sensation 
and the sensation, there is interposed a 
mode of motion of nervous matter, oE 
which the state of consciousness is no 
likeness, but a mere symbol, is of the 
profoundcst importance. , It is the ph)rsi- 
ological foundation of the doctrine of the 
relativity of knowledge, and a more or 
less complete idealism is a necessary con- 
sequence of it. 

For of two alternatives one must be 
true. Either consciousness is the func- 
tion of a something distinct from the 
brain, which we call the soul, and a sen- 
sation is the mode in which this soul is 
affected by the motion of a part of the 
brain ; or there is no soul, and a sensa- 
tion is something generated by the mode 
of motion of a part of the brain. In 
the former case, the phenomena of the 
senses are purely spiritual affections ; in ■ 
the latter, they are something manufact- 
ured by the mechanism of the body, and ' 
as unlike the causes which set that mech- 
anism in motion, as the sound of a re- 
peater is unlike the pusliing of the spring 
which gives rise to it. 
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5 system stands between 
s and ilie assumed external 
1 interpreter who can talk 
h his fingers stands between a hidden 
speaker and a man who is stone deaf — 
and Realism is equivalent to a belief on 
the part of the deaf man, that the speak- 
er must also be calking: with his fingers. 
" Les extremes se toucheni ; " the shib- 
boleth of niatcrialisis that " thought is a 
1 <>{ the brain," is the Fichtean 
doctrine that " the phenomenal 
is the creation of the Kgo," expressed 
Other language. 

"^tf molioit of tke matter of a st 
nerve may be transmitted 
„'A tAe brain to motor nerves. 
.. tktrebygiX'e rise to contraction 
ikt UttfScles to which tkfse motor 
•ves are distributed; and this re- 
:ti^ of motion from a sensory in- 
a motor nerve may take place 
fAont tiolitian, or even contrary to 

^n stating these important truths. Des- 
cants defined that which we now term 
" reflex action." Indeed he almost uses 
the term itself, as he talks o£ tlie "animal 
spirils '■ as " riiflechis," * from the senso- 
ry into the motor nerves. And that this 
use of the word " reflected " was no mere 
accident, but that the importance and ap- 
propriateness of the idea ii suggests w: 
fully understood by Descartes's conter 
Toraries, is apparent from a passage ... 
Willis's well-known essay. '■ De Animd 
Brutorum." published in 1672, in which, 
in giving an account of Descartes's views, 
be speaks of the animal spirits being di- 
vened inio motor channels, " velut undu- 
lationc rerteKa.'t 

Mothtng can be clearer in statement, ot 
HI iUustration. than the view of rellex ac- 
tion which Descartes gives in the " Pas- 
sions de TAme." Art. xiii. 

After recapitulating the manner in 
which sensory unpressions transmitted by 
the sensory nerves to the brain giv' 
sensation, he proceeds ;— 

"And in addition to the different feelings 
eiccitcd in the soul by these different motion 
■)f tilt \ix-.\m, the animal spirils, without thi 




of the soul, mxy take their course 
toward certain muscles, rather Than low:ird 
others, and thus move the limbs, as I shall 
prove by in example, If some one moves hia 
hand rapidly toward our eyes, as if he were 

fto strike us, although we know that he 
riend, that he does it only in jest, and 
that he will be very careful to do us no harm, 
nevertheless it will be hard to keep from 
winking. And this shows, that it is not by 
the agency of the soul that the eyes shut, 
since this action is contrary to ijial votitlDa 
which is the only, or at least tbe chief, func- 
tion of the soul ; but it is because the mech- 
anistu of our body is so disposed, that the 
motion of the hand toward our eyes excites 
another movement in our brain, and this 
sends the aninial spirils into those muscles 
which cause the eyelids to close." 

Since Descartes's lime, experiment has 
eminently enlarged our knowledge of the 
details of reflex action. The discovery of 
Bell has enabled us to follow the tracks 
of the sensory and motor impulses, along 
distinct bundles of nerve fibers ; and the 
spinal cord, apart from the brain, has 
been proved to be a great center of reflex 
action ; but the fundamental conception 
remains as Descartes left it, and it is one 
of the pillars of neiTc physiology at the 
present day. 

V. The motion of any given portion of 
the mailer of the brain excited by 
the motion of a sensory nerve, leaves 
behind a readiness to be moved in 
the same way, in that part. Any- 
thing which resuscitates tke mottOK 
gives rise to the appropriate feeling. 
This is the p/iysical mechanism^ of 
memory. 
Descartes imagined that the pineal body 
(a curious appendage to the upper side of 
the brain, the function of which, if it have 
any, is wholly unknown) was the instru- 
ment through which the soul received 
impressions from, and communicated 
them to, the brain. And he thus endeav- 
ors to explain what happens when one 
tries to recollect something: — 

"Thus when the soul wills to remember 
anything, this volition, causing the [pineal] 
gland to incline itself in different directions, 
I drives the [animal] spirits tovrard different 
regions of the brain, until they reach that 
part in which are the (races, which the object 
which it desires torememberhasleft. These 
traces are produced thus: those pores of the 
brain through which the [animal] spirits h^ve 
previously been driven, by reason of the pres- 
ence of the object, have thereby acquired a 
tendency to be opened by the animal spirits 
which return toward them, more easily than 
other pores, so that the animal spirits, im^ 
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pinging on ihcsc pores, enter tbem more 
readily than others. By this means they ex- 
cite a particular mnvement in the pineal 
gland, nhich rejiresents (he object tu the 
soul, and causes it to know nhat it is which 
it desired to recollect."" 

That memory is dependent upon some 
condition of the brain is a fact established 
by many considerations — among the most 
impwrianl nf which are the remarkable 
phenomena of aphasia. And that the 
condition of the brain on which memory 
depends, is largely determined by the re- 
peated occurrence of that condition of its 
molecules, which gives rise to the idea of 
the thing remembered, is no less certain. 
Every boy who learns his lesson by re- 
peating it exemplifies the fact. Descartes, 
as we have seen, supposes that the pores 
of a given part of the brain are stretched 
by the animal spirits, on the occurrence 
of a sensation, and that the part of the 
brain thus stretched, being imperfectly 
elastic, does not return to exactly its pre- 
vious condition, but remains more disten- 
sible than it was before. Hartley sup- 
pose that the vibrations, excited by a sen- 
sory, or other, impression, do not die away, 
but are rejiresented by smaller vibrations 
or " vibratiuncules," the permanency and 
intensity of which are in relation with the 
frequency of repetition of the primary vi- 
brations. Haller has substantially the 
same idea, but contents himself with the 
general term " rautationes." to express 
the cerebral change which is the cause of 
a state of consciousness. These " muta- 
tiones " persist for a long time after the 
cause which gives rise to them has ceased 
to operate, and are arranged in the brain 
according to the order of co-c.\istence and 
succession of their causes. And he 
gives these persistent ■' mutationes " the 
picturesque name of vestigia rerutn. 
" qUK non in raente sed in ipso corpore 
et in medulla quidem cerebri ineftabili 
modo incredibi liter minutis notis et copia 
infinila, inscnp:s siint."+ 1 do not know 
that any modem theory of the physical 
conditions of memory lifters essentially 
from these, which are all children— ;»»- 
talis mutandis — of the Cartesian doctrine. 
Physiology is, at present, incompetent to 
say anything positively about the matter, 
or to go farther than the expression of 
the high probability, that every molecular 
change which gives rise to a state of con- 
sciousness, leaves a more or less persist- 
ent structural modification, through which 



the same molecular charge may be re- 
generated by other agencies than the 

luse which lirst produced it. 

Thus far, the propositions respecting 
the physiology of the nervous system which 
arc stated by Descartes have simply been 
more clearly defined, more fully illustrated, 
and, for the most pan. demonstrated, by 
modern physiological research. But their 
remains a doctrine to which Descartes at- 
tached great weight, so that full accep- 
tance of it became a sort of note of a 
thorough-going Cartesian, but which, 
"so opposed to ordinary 
prepossessions tliat it attained more gen- 
eral notoriety, and gave rise to more dis- 
cussion, than almost any other Cartesian 
hypothesis, it is the doctrine, that brute 
animals are mere machines or automata, 
devoid not only of reason, but of any 
kind of consciousness, which is stated 
brielly in the " Dtscours de la Melhoiic," 
and more fully in the ■■ Ktponscs au* 
Quatriemes Oiijcctions," and in the cor- 
respondence with Henry More.* 

The process of reasoning by which Des- 
cartes arrived at this startling conclusion 
is weil shown in the following passage of 
the " Reponses:" — 

" But aa regards the soula of beasts, al- 
though this is not the place for considering 
them, and though, without a general exposi- 
tion of physics,! can say no more on thia 
subject than 1 buve already said in the fifth 
part of my Treatise on Method ; yet, I wilt 
further state, here, that it appears to loe ~ ~ 
very remarkable circumstance tllM I 
menl can take place, either in the boidl 
of beasts, or even in our own, if these " 
have not in ihemselves all the organs mMIv 
struments by means of which the very s»n< 
movements would be accomplished in a ma 
chine. So that, even in us, the spirit, or the 
soul, does not directly move the limbs, but 
only determines Iho course of that very sub- 
tle liquid which is called the animal spirits, 
which, running continually from the heart by 
the brain into the muscles, is the cause of at! 
the movements of our limbs, and often rnaj 
cause Dianv ditfefcnt motions, one as caiW-f 
as the other. 

"And it does not even always eiert this 
determination; for among the moveinents 
which take place in us, there are many which 
do not depend on the mind at all, sach nftt 
the beating of the heart, the digestion 
food, the nulrilion, the respiration, of '*" 
who sleep; and, even in those who 
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'■CEuvres,'' tome i. p. 904. " Mils le plus emiid 
tnus to ptiiagis qne nous ayons retcniu de no 
eofanee, est celui de croire que les bftei pcoscB 
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ihlnking about ihcm. And, when nne whn 
falls fiom D. height throws his hands forwards 
to save his head, it is in virtue of no laiioci- 
nation thit ho perfonns this action ; it does 
n<« dep«nd upon his mind, but takes place 
merely because his senses being aiEected by 
the presf^t darger, some change arises in 
hi* brain whkh determines the animal spirits 
to (lass Ihence into the nerves, in such a man- 
ner aa is required to produce thia inotion, in 
the same way as in a machine, and without 
the inind beinc able to hinder it. Now since 
nrc observe this in ourselves, why should we 
be so much astonished if the light reHeclcd 
from the body of a wulf into the eye of a 
sheep has the same force to excite in it the 
motion of flight. 

■' After having observed this, if we wish to 
learn by reasoning, whether certain move- 
ments of lieasts are com parable to those 
which are effected in us by the operation of 
tjic mind, or, on the coJitrary, to tliose which 
ilepend only on the animal spirits and the 
dbpodtion of the organs, it is necessary to 
eottsiderthc difference bclwfeeii the two, which 
t have explained in the fifth pari of the Uis- 
eoowe on Method (for I do not think that 
any others arc discoverable), and then it wiU 
easitj' be seen, that all ihc actions of beasts 
are similar only to those which wc perform 
mthout tlie help of our minds. For which 
reason we shall be forced to conclude, that 
WO know of the existence in them of no 
vlher principle of motion than the disposition 
C^ Ibeii Qtffjna and the continual affluence of 
aunul BDirils produced by the heat of the 
Iw'.rt, which attenuates and subtilizes the 
blovdi and, at the same time, wc shall ac- 
knovdcdge that we have had no reason for 
assuming any other principle, except that, 
not having distinguished these two principles 
of motion, and seeing that the one, which 
depends only on the animal spirits and [lie 
Or^ns, exists in beasts as well as in u.i. we 
have hastily concluded that the other, which 
depends on mind and on thought, was aUn 
d hv Ihem," 



Descartes 's line of argument is perfectly 
dtar. He starts from reflex action in 
nan. frem the unquest inn able (act that, 
in otirselves. co-ordinate, purposive, ac- 
tbns tnay take place, witlioiit the inter- 
vention of consciousness or volition, or 
tveii contrary lo the latter. As actions 
ot a certain degree of complexity are 
brought abnut by mere meciianism. why 
may not actions of still greater complexity 
be thcresultolamore refined mechanism? 
What proof is there that brutes are other 
than a superior race ot marionettes, which 
eat without pleasure, cry without pain, 
dirsirc nothins:. know nothing, and only 
■iflliHence as a bee simulates 

. ...■ ,iatc»iheyiewukenbj'DriIiodnx 



The Port Royalists adopted the hy- 
pothesis that brutes are machines, and are 
said to have carried its practical applica- 
tions so far. as to treat domestic animahi 
with neglect, if not with actual cruelty, 
As late as the midtile of the eighteenth 
centurj'. the problem was discussed very 
fully and ably by ISouillier, in his " Essai 
phifosophique sur I'Amc des Dfites, ' 
while Condillac deals with it in his 
" Traits des Animaux ; " but since then 
it has received little attention. Neverthe- 
less, modern research has brought to 
light a great multitude of facts, which not 
onlyshow that Deseartes's view is defen- 
sible, but render it far more defensibli- 
than it was in his day. 

It must be premised, that it is wholly 
impossible absolutely to prove the pres- 
ence or absence of consciousness in any- 
thing but one's own brain, though, by 
analogy, we are justiiied in assuming its 
e.tistence in other men. Now if. by some 
accident, a man's spinal cord is divided, 
his limbs are paralyzed, so far as his voh- 
tion is concerned, below the point of in- 
jury ; and he is incapable o£ experiencing 
all those states of consciousness, which, 
in his uninjured state, would be excited 
by irritation of those nerves which come 
off below the injury. If the spinal coril 
is divided in the middle of the back, for 
example, the skin of the feet may be cut, 
or pinched, or burned, or wetted with 
vitriol, without any sensation of touch, or 
of pain, arising in consciousness. So far 
as the man is concerned, therefore, the 
part of the central nervous system which 
lies beyond the injury h cut off from 
consciousness. It must indeed be ad- 
mitted, that, it any one think fit to main- 
tain that the spinal cord below the injury 
is conscious, but that it is cut off from 
any means of making its con;;ciousncss 
known to the other consciousness in the 
brain, there is no means of driving him 
from his position by logic. But assuredly 
there ts no way of proving it. and in the 
matter of consciousness, if in anything, 
we may hold by the rule, " De non ap- 
parentibus et de non exisientibus eadem 
est ratio." However near the bram thf 
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spinal cord is injured, 
mains intact, except that thi 
parts below the injury is no longer repre- 
sented by sensation. On the other hand, 

e upon the anterior division of tile 

ir extensive injuries to it. abojisli 
consciousness. Hence, it is a highly 
probable conclusion, that consciousness 
in man depends upon the integrity of the 
anterior division of the brain, while the 
middle and hinder divisions of the brain, 
and the rest of the nervous centers, have 
nothing to do with it. And it is further 
highly probable, that vi/hat is true for 
■nan is true (or other vertebrated animals. 

We may assume, then, that in a living 
vertebrated animal, any segment of the 
cerebro-spinal axis (or spinal cord and 
brain) separated from that anterior divi- 

n of the brain which is the organ of 
consciousness, is as completely incapable 
of giving rise to consciousness, as we 
know it to be incapable of carrying out 
volitions. Nevertheless, this separated 
segment of the spinal cord is not passive 

' * ■:. On the contrary, it is the seat 
lely remarkable powers. In our 
iniaginary case of injury, the man would, 
IS we have seen, be devoid of sensation 
n his legs, and would have not the least 
power of moving them. But, if the soles 
of his feet were tickled, the legs would be 
drawn up, just as vigorously as they 
would have been before the injury. We 
know exactly what happens when the 
sales of the feet are tickled ; a molecular 
change takes place in the sensory nerves 
of the skin, and is propagated along them 
and through the postenor roots of the 
spinal nerves, which are constituted by 
them, to the gray matter of the spinal 
cord. Through that gray matter, the 
moleci-lar motion is reflected into the 
anterior roots of the same nerves, con- 
stituted by the filaments which supply the 
muscles of the legs, and, traveling along 
these motor filaments, reaches the muscles, 
which at once contract, and cause the 
limbs to be drawn up. 

In order to move the legs in this way, 
a definite co-ordination of muscular con- 
tractions is necessary ; the muscles must 
contract in a certain order and with duly 
proportioned force ; and moreover, as the 
feet are drawn away from the source of 
irritation, it may be said that the action 
has a final cause, or is purposive. 

Thus it follows, that the gray matter of 
the segment of the man's spinal cord, 
though it is devoid of consciousness, 
nevertheless responds to a simple stimu- 
lus by giving rise to a complex set of 



. co-ordinated ti 
ward a definite end, and serving an ol 
vious purpose. 

If the spinal cord of a frog is ci 
across, so as to provide us with a segment 
separated from the brain, we shall have a 
subject parallel to the injured man, on 
which experiments can be made without 
remorse ; as we have a right to conclude 
that a frog's spinal cord is not likely to be 
conscious when a man's is not. 

Now the frog behaves just as the i 
did. The legs are utterly paralyzed, so 
far as voluntary movement is concerned ; 
but they are vigorously drawn up to the 
body when any irritant is applied to the 
foot. But let us study our frog a lililc 
farther. Touch the skin of the side of 
the body with a little acetic acid, which 
gives rise to all the signs of great pain in. 
an uninjured frog. In this case, there 
can be no pain, because the application 
is made to a part of the skin supplied 
with nerves which come off from the cord 
below the point of section ; nevertheless, 
the frog lifts up the limb of the same side, 
and applies the foot to rub off the acetic 
acid ; and, what is still more remarkable, 
if the limb be held so that the frog can- 
not use it. it will, by and by, move ' 
limb of the other side, turn it across 
body, and use it for the same rubbing 
process. It is impossible that the frog-j 3 
It were in its entirety and could reason, 
should perform actions more purposive 
than these : and yet we have most com- 
plete assurance that, in this case, the frog 
is not acting from purpose, has noc" 
sciousness, and is a mere insensible r 
c)vnt. 

But now suppose that, instead of mak- 
ing a section of the cord in the middle of 
the body, it had been made in such s 
manner as to separate the hindermosc di- 
vision of the brain from the rest of the or- 
gan, and suppose the fore most two-third& 
of the brain entirely taken away. 
frog is then absolutely devoid of any ^on<: 
taneity; it sits upright in the attitude 
which a frog habituSly assumes, and k 
will not stir unless it is touched; but it 
differs from the frog which 1 have just 
described in this, that, if it be thrown int 
the water, it begins to swim, and swiir 
just as well as the perfect frog does. 
But swimming requires the combination 
and successive co-ordination of a great 
number of muscular actions. Ana we 
are forced to conclude, that the impress 
sion made upon the sensory nerves of tha 
skin of the frog by the contact with lh( 
water into which it is thrown, causes ihs 
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^nission tfi the central 

I impulse, which sets going 

1 machinery by which all the 

B ot swimming are brought into 

I due co-ordination. If the frog 

Koiulatcd by some Irritating body, it 

or walks as weU as the complete 

;an do. The simple sensory im- 

)R, acting through the machinery 

.B cord, ^vcs rise to these complex 

bined movements. 

•ossible to go a step farther. Sup- 
it only the anterior division of the 
o much of it as lies in front of 
: lobes"— is removed. If that 
5 performed quickly and skill- 
lly, the frog may be kept in a state of 
full bodily vigor (or months, or It may be 
lor years : but It will &it unmoved. It 
iiees nothing ; it hears nothing. It will 
starve sooner than feed Itselii although 
food put into its mouth is swallowed. Un 
'" ■" , it jumps or walks; if thrown 
water it swims. If it be jiut on 
L hand, it sits there, crouched, per- 
f quiet, and would sit there forever. 
ttiand be inclined very gently and 
3 that the frog would naturally 
ilip off, the creature's fore paws 
Plificd on to the ed^^e of the hand, until 
nil just pr>:vent hitnself from falling. 
Je timing t)[ the hatid be slowly con- 
_ fed, he mounts up with great care and 
liberation, putting first one leg forward 
and then another, until he balances hira- 
_-self with perfect precision upon the edge ; 
■ lif the turning of the hand is con- 
edi over he goes through the needful 
rfmascular operations, until he (!onies 
"cd in security, upon the back of 
The doing of all this requires 
_ icy of co-ordination, and a precis- 
Woi adjustmenl of the muscular ap- 
' » o( the body, which are only com- 
" 1 those of a rope-dancer. To 

7 influences of light, the frog, 
its central hemispheres, ap- 
i to be blind. Nevertheless, if the 
d be put upon a table, with a hook 
..ne little distance between It and thi 
t and the skin of the hinder part of 
)dy is then irritated, it will jump for- 
V avoiding the book by passing to 
R right or left of it. Although the 
g, tncrefnre. appears to have no sensa- 
1 of light, visible objects act through 
_ its brain upon the motor mechanism of its 



is obvious, that had Descartes been 
acquainted with these remarkable results 
of modern research, they would have 
furnished him with far more powerful 
arguments than he possessed in favor of 
his view of the automatism of bnltes. 
The habits of a frog, leading its natural 
life, involve such .limple adaptations to 
surrounding conditions, that the ma- 
chinery tt-nich is competent to do so 
uch without the intervention of i:on- 
■iousness. might well do all. And this 
argument is vastly strengthened by what 
has been learned in recent times of the 
veiously complex operations which 
performed mechanically, and to all 
appearance without Consciousness, by 
men. when, in consequence of injury or 
disease, they arc reduced to a condition 
ire or less comparable to that of a frog, 
which the anterior part of the brain 
has been removed. A case has recently 
I published by an eminent French 
physician, Dr. Mesnct, which illustrates 
this condition so remarkably, that I make 
apology for dwelling upon it at con- 
siderable length.* 

A sergeant of the French army, F , 

venty-seven years of age, was wounded 
during the battle of Bazeilles, by a ball 
which fractured his left parietal bone. 
He ran his bayonet through the Prussian 
soldier who wounded him. but almost 
immediately fus right arm became paral- 
ysed : after walking about two hundred 
yards, his right leg became similarly af- 
fected, and he lost hia senses. When he 
recovered them, three weeks afterward, 
in hospital at Mayence. the right half of 
the body was completely paralyzed, and 
remained in that condition for a year. 
At present, the only trace of the paralysis 
which remains is a slight weakness of 
the right half of the body. Three or 
four months after the wound was in- 
flicted, periodica! disturbances of the 
functions of the brain made their ap- 
pearance, and have continued ever since 
The disturbances last from fifteen to 
thirty hours ; the intervals at which they 
occur being from fifteen to thirty days. 

For four years, therefore, theHfe of this 
man has been divided into tdternating 
phases — short abnormal states interven- 
ing between long normal states. 

• '■ De rAutoraaiisme dc U Memoii* ci dii Sou. 
renir. dann le SamnamhuUsnie paiholoirique." Par 
le.Dr. E. Mtinet, MMecio de I'^HSpiUJ Sainl-An- 
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In the periods of normal life, the ex- 
sergeant's health is perfect; he is inttlU- 
^ent and kindly, and performs, satisfacto- 
rily, the duties of a hospital attendant. 
The commencement of the abnormal 
stale is ushered in by uneasiness and a 
senile of weight about the forehead, which 
[he patient compares to the constriction 
of a circle of iron ; and, after its temiina- 
tion, he complains, for some hours, of 
dullness and heaviness of the head. But 
the transition from the normal lo ihe ab- 
normal state takes place in a few minutes, 
without convulsions or cries, and without 
anything to indicate the change to a by- 
stander. His movements remain free 
and his expression calm, except for a con- 
traction 01 the brow, an incessant move- 
ment of the eyeballs, and a chewing mo- 
lion bf the jaws. The eyes are wide 
open, and their pupils dilated. IF the man 
happens to be in a place to which he is 
accustomed, he walks about as usual ; 
but if he is in a new place, or if obstacles 
are intentionally placed in his way, he 
stumbles gently against them, stops, and 
then, feeling over the objects with his 
hantis, passes on one side of them. He 
offers no resistance to any change of 
direction which may be impressed upon 
him, or to the forcible acceleration or re- 
tardation of his movements. He eats, 
drinks, smokes, walks about, dresses and 
undresses himself, rises and goes to bed 
at the accustomed hours. Nevertheless, 
pins may be run into his body, or strong 
electric shocks sent through it, without 
causing the least indication of pain ; no 
odorous substance, pleasant or unpleasant, 
makes the least impression ; he eats and 
drinks with avidity whatever is offered, 
and takes asafcetida, or vinegar, or quinine. 
as readily as water ; no noise affects him ; 
and light influences him only under cer- 
tain conditions. Dr. Mesnet remarks, 
that the sense of touch alone seems to 
persist, and indeed to be more acute and 
delicate than in the normal slate ; and it 
is by means of the nerves of touch, almost 
exclusively, that his organism is brought 
into relation with the external world. 
Here a difficulty arises, it is clear, from 
the facts detailed, that the nervous appa- 
ratus by which, in the normai state, sen- 
sations of touch are excited, is that by 
which external influences determine the 
movements of the body, in the abnormal 
state. But does the state of 
ness, which we term a tactile 
accompany the operation of this 
apparatus in the abnormal state 1 
utterly absent, the inar 



being reduced to an insensible mecha 

is impossible to obtain direct cvi 
dence in favor of the one conclusion c 
the other: all that can be said is. tha! the 

of the frog shows that man may be 
devoid of any kind of consciousness. 
A furiherdifficult problem isihis. The 
an is insensible to sensory impressii»)s 
made through the ear. the nose, tlie 
tongue, and, to a great extent, the eye; 
nor is he susceptible of pain from causes 
operating during his abnomia! stale. 
Nevertheless, it is possible so to act upon 
his tactile apparatus, as to give rise I~ 
those molecular changes in his sensoriun 
which are ordinarily the causes of assoc 
ated trains of ideas, I give a striking 
xampie of this process in Dr. Mesnet s 

" II GO promenait dans le jardin, sous 

massif d'arbres, on lui remet a la. main 

; qu'il avait laissi lumber quelques 
tea avant. II la paipe, promi^ne k 
plusieurs reprises la maui sur la poignifc 
qoiid^e de Ba canne— devienl attentif — sem- 
3reter I'oreille — et, tout-i-coup, appellc 
iri ! ' Pqis, 'l^es voilal lis sgnl i 
s une vingtaine ! i nous deux, nous i 
vicndrons i boutt' Et alors portaut la ma 
derriire son dos comme pour prendre une ci 
touche, il fait le mouvement dc charger si 
aroie, se cauche dans I'herbe i plat ventre, 
la t£tc cach^e par un arbre, dans la positii 
d'un tirailleur, et suit, I'arme epaulec, toi 
les mouvements dc rcnnemi qu il croit vc 
IL courtc distance," 

In a subsequent abnormal period. Dr. 
Mesnet caused the patient to repeat this 
scene by placing him b the same condi- 
I. Now, in this case, the question 
■s whether the series of actions c 
stituting this singular pantomime was 
companied by the ordinary states of ci 
sciousress. the appropriate train o( ideas, 
or not ? Did the man dream that he was 
skirmishing? or was he in the condition 
of one of Vaucauson's automata.— a sense- 
less mechanism worked by molecular 
changes in his nervous system ? The an- 
alogy of the frog shows that the latter as- 
sumption is perfectly justifiable. 

The eX'Sergeant has a good voice, and 
had, at one time, been employed as a 
singer at a cafe. In one of his abnornial 
Slates he was observed lo begin humming 
a tune. He then went to his room. 
dressed himself carefully, and took up 
some parts of a periodical novel, whicn 
lay on his bed, as if he were trying to fi 
something. Dr. Mesnet, suspecting that 
he was seeking his music, made up oat 
of these into a roll and put it into his 
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band. He appoared satisfied, took up his 

icane and went down stairs to the door. 

Dr. Mesnet turned him round, and 

ralked quite contentedly, in the oppo- 

direction, toward the roi>rti of the 

iifefge. The hght of the sun shining 

■"^ ft window now happened to faQ 

him, and seemed to suggest the 

Tights of the stage on which he was 

itomed to make his appearance. He 

led. opened his roll of imaginary 

:, put himself into the attitude of a 

r. and sang, with perfect execution, 

songs, one after the other. After 

he wiped his face with his hand- 

ricJ and drank, withoitt a grimace, a 

Jer of strong rincgar and water which 

put into his hand. 

n experiment which may be perform- 

ipon the frog deprived of the fore part 

.. lis brain, well known as Goltz's "Quak- 

vcreuch," affords a parallel to this per- 

"irmance. If the skin of a certain part 

" 'Leback of such a frogis gently stroked 

the finger, it immediately croaks. 

^ rer croaks unless it is so stroked, 

the croaJt always follows the stroke, 

the sound of a repeater follows the 

ig of the spring. In the frog, this 

is innate — so to speak A priori — 

B«pends upon a mechanism in the 

jniverning the vocal apparatus, 

■. at work by the molecular 

^ . pin the sensory nerves of the 

of the back by the contact of a for- 

body. 

man there is also a vocal mechanism, 
and the cry of an infant is in the same 
sense innate and A priori, inasmuch as it 
depends on an organic relation between 
its sensory nerves and the nervous jnecb- 
anisni which governs the vocal apparatus. 
Leaniing to speak, and learning to sing, 
arc .procesEcs by which the vocal mech- 
aaism is set to new tunes. A songwhich 
has been learned has its molecular equiv- 
alent, which potentially represents it in 
the brain, just as a musicai box wound 
up potentially represents an overture. 
Touch the stop and the overture begins ; 
SKnd amolecular impulse along the proper 
afferent nen-e and the singer begins his 
song. 

Again, the manner in which the frog, 
though apparently insensible to light, is 
yci, under some circumstances, influenced 

IrisusI images, finds a singular parallel 
he tase of the e.x-sergeanc. 
&ting at a table, in one of his abnor- 
[ stoles, he took up a pen, feh for 
u- and ink. and begjan to write a Ict- 
Miftis genera I. in which he recommend- 




ed himself tor a medal, on account o( 
his good conduct and courage. It oc- 
curred to Dr. Mesnet to ascertain experi- 
mentally how far vision was concerned 
in this act of writing. He therefore in- 
terposed a screen between the man's eyes 
and his hands; under these circumstances 
be went on writing for a short time, but 
the words became illegible, and he finally 
stopped, without manifesting any discon- 
tent. On the withdrawal of the screen 
he began to write again where he had 
left off. The substitution of water lor 
ink in the inkstand had a similar result. 
He stopped, lod;cd at his pen. wiped it 
on his coat, dipped it in the water, and 
began again, with the same effect. 

On one occasion, he began to write 
upon the topmost of ten superimposed 
sheets of paper. After he had written 
a line or two, this sheet was suddenly 
drawn away. Tliere was a slight expres- 
sion of surprise, but he continued his 
letter on the second sheet exactly as it it 
had been the first. This operation was 
repeated five times, so that the fifth sheet 
contained nothing but the writer's signa- 
ture at the biittom of the page. Never- 
theless, when the signature was finished 
his eyes turned to the top of the blank 
sheet, and he went through the form of 
reading over what he nad written, l 
movement of the lips accompanying each 
word ; moreover, with his pen. he put in 
such corrections as were needed, in that 
partof the blank page which corresponded 
with the position of the words which re- 
quired correction, in the sheets which 
had been taken away. If the five sheets 
had been transparent, therefore, they 
would, when superposed, have formed a 
properly written and corrected letter. 

Immediately after he had written his 

letter, F- got up, walked down to the 

garden, made himsell a cigarette, lighted 
and smoked it. He was about to prepare 
another, but sought in vain for his tobac- 
co-pouch, which had been purposely 
taken away. The pouch was now thrust 
before his eyes and put under his nose, 
but he neither saw nor .-imeU it: but. 
when it was placed in his hand, he at 
once sei7ed it, made a fresh cigarette, 
and ignited a match to light the latter. 
The match was blown out and another 
lighted match placed close before his 
eyes, but he made no attempt to take it : 
and. if his cigarette was lighted for him. 
he made no attempt to smoke. Ail this 
lime the eyes were vacant, and neither 
winked, nor exhibited any contraeiion of 
the pupils, from these and other expe- 
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eiiis, Dr. Mesnet draws the conclusion 
ihat. bis patient sees some things and not 
others ; that the sense of sight is accessi- 
ble 10 all things which are brought into 
relation with him by the sense oi touch, 
and, on the contrar);. insensible to things 
which lie outside this relation. He sees 
the match he holds, and does not see any 
other, 

Just so the frog " sees " the book 
which is in the way of his jump, at the 
same time that isolated visual impressions 
take no effect upon hitn.* 

Aa 1 have pointed out, it is impossible 

:o prove that F is absolutely uncon- 

auious in his abnormal state, but it is no 
less impossible to prove the contrary ; 
and the <^ase of the Irog goes a long way 
to justify the assumption that, in the ab- 
normal state, the man is a mere insensi- 
ble machine. 

If such facts as these had come under 
'■ the knowledge of Descartes, would they 
not have formed an apt commentary upon 
that remarkable passage in the"Traite 
dc I'Homme," which I have quoted elsc- 
where.t but which is worth repetition ?— 

"All UiE funciioiis n-hlcli T have allrlbuled 
to this machine (the bod' ), as the digestion 
ot food, the iiuisation of liic heart and o£ the 
arteries ; the nutrition and Ihe growth of the 
limbs; respiration, wakefulness, and sleep; 
the reception of light, Gounils, odors, flavors, 
heat, and such like qualities, in the organs of 



EUel which Ihcy prcscnuoiheuroceedlnesol f- 

ticep ua vicur of Ihe cloadof vDluntarj'iind invalun- 

I red in such casei. In the uofortuniite subffciH af 
well abnormal conditions of the bnln. ihe dluurb- 



aHoal^Ing love or 1rfnt( for its own soke. And, 
in thli mpcct. aliui, P.'a caic Is slngraUirlylastruc- 

lectly tioneat man, lo taia abnannHl condiiion be is 
tn inveierate thief, siealinz and htdinEawav whai- 
ever he cm lay hi 

conccpltun of the " Diipp 



ID whether Iht 

.._.. ..-.Iman'j leniblt 

DcjppeltgiUiger" Is fealfted bv 



whidi Ibev may be Rui'ly ot the most criminal bcIk, 
nhtli, Id Ihe other, Ihcv are eminently vlrtaoDiand 
ratpeniible. Neither lUe Icnaws anrthing of the 
Olher. Dr. Memet uiUeB that be has watched a 
man inhia atMionnal sulc elaborately prepare lo 
hanjc hlDiKir. ind has let blm go on ualil aaphyiir 

ly innorwil of what bad happened. The problen 
UnapansjUlityla here u complicated aa that i. 
Ebc prince-hiBmip, whofWca^aaaprinceandnQLa 
Ablitai^ "* Bui, hiffhness, if the prince is damnei 

* " Liy Srrmoni, Essays jn§ Reviews." p. 335- 






ory; the internal movements of the appirtiles 
' the passions 1 and lastly, the CTtcmal 
:inent.s of all the limbs, which follow so 
aptly, is well the action of Ihe objects nblcb 
~~~ presented to the senses, as the fmprcs- 
is which meet in Ibc memory, (hat they 
ate as nearly a» possible those of a real 
. . .1; I desire, "l say, that you should con- 
sider that these functions in Ihe machine 
naturally proceed from the mere arrangement 
of its organs, neither more nor less than do 
Ihc movements of a. clock, or other automa- 
:on, from that of its weights and its wheels; 
so that, so far as these are concerned, it u 
not necessary to conceive any other vcgeta- 
rive or sensitive soul, nor any other principla 
if motion or of life, than the blood and the 
spirits agitated by the fite which burns con- 
imually in the heart, and which ia no wise 
essentially different from all Ihe lircs which 
exist in inanimate bodies." 

And would Descartes not have been jus- 
tified in asking why we need deny that 
animals are machines, when men, in 3 
: of unconsciousncBS, perform, me- 
chanically, actions as complicated and as 
seemingly rational as those of any ani- 

But though I do not think that Des- 
cartes's hypothesis can be positively re- 
futed, I am not disposed to accept it. 
The doctrine of continuity is too well es- 
tablished for it to be permbsible to me to 
suppose that any complex natural phe- 
nomenon comes into existence suddenly, 
and without being preceded by simpler 
modificatiDns ; and very strong argu- 
ments would be needed to prove that 
such complex phenomena, as those ot 
consciousness, first make their appearance 
in man. We know, that, in the individ- 
ual man. consciousness grows from a dim 
glimmer to its ful! light, whether we con- 
sider the infant advancing in years, or ttie 



possess, though less developed, that pan 
of the brain which we have every reason 
to believe to be the organ of conscioiB- 
ness in man ; and as. in other cases, 
function and organ are proportional, so 
we have a right to conclude it Is with ihe 
brain ; and that the brutes, though tiitj 
may not possess our intensity ot con- 
sciousness, and though, from the ahscDce 
of language, they can have no trains of 
thoughts, but only trains of feelings, yet 
have a consciousness which, more or less 
distinctly, foreshadows our own. 

1 confess that, in view of the struggle 
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e which goes on in the animal 
jrld. and of the Trightful quantity of 
jn with which it must be accompanied. 
1 should be glad if the probabilities were 
in favor of Descarces's hypothesis ; but. 
on the other hand, considering the terri- 
ble practical consequences to domestic 
^^' lals which might ensue from any er- 
n our part, it is as we!! to err on the 
il Mde, if we err at all, and deal with 
S weaker brethren, who are bound, 
; rest of us, to pay their toll for 
ig, and suffer what is needful for the 
lera! good. As Hartley finely says, 
■■ n to be in the place of Cod to 

ind we may justly follow the 
' precedents He sets in nature in our deal- 
■,ngs with them, 

But though we may see reason to dis- 
with Descartes's hypothesis that 

^ follow that he was wrong in regard- 
J them as automata. Tuey may be 

id the view that they are such con- 
s machines is that which ia implicitly, 
[explicitly, adopted by most persons. 
n we speak of the actions of the 
r animals being guided by instinct 
. not by reason, what wc really mean 
that, though they feel as we do, yet 
T actions are the results of their phys- 
1 organization. We believe, in short, 
that they are machines, one part of which 
(the nervous system) not only sets the 
■ n motion, and co-ordinaiea its move- 
5 in relation with changes in sur- 
...„' bodies, but is provided with 
..i apparatus, the function of which 
_.C calling into existenceof those states 
(oiuoousncss which are termed sensa- 
■ s, and ideas. I believe that 
k generally accepted view is the best 
iresHon of the facts at present known. 
!l is experimentally demonstrable— any 
._je who cares to run a pin into himself 
may perform a sufficient demonstration 
of ihe fact— that a mode of motion of the 
nervous system is the immediate antece- 
dent of a state of consciousness. All but 
the adherents of ■■ Occasionalism," or of 
the doctrine of '■ Pre-established Har- 

Imony " (if any such now exist), must ad- 
^t that we have as much' reason for re- 
Krding the mode of motion of the ner- 
Ks system as the cause of the state of 
■Bdousness, as we have for regarding 
mr event as the cause of another. How 
Hone phenomenon causes the other we 
^bw. as much or as little, as in any 
^kr case of causation : but we have as 
Hjch right 10 believe that the sensation 



is an effect of the molecular change, as 
we have to believe that motion is' an ef- 
fect of impact : and there is as much 
propriety in saying that the brain evolves 
sensation, as there is in saying that an 
iron rod, when hammered, evolves lieat. 

As 1 have endeavored to show, we are 
justificii in su])po.iing that something 
analogous, to what happens in ourselves 
takes place in the brutes, and that the af- 
fections of their sensory nerves give rise 
to molecular changes in the brain, which 
again give rise to, or evolve, the corres- 
ponding states of consciousness. Nor 
can there be any reasonable doubt that 
the emotions of brutes, and such ideas as 
they possess, are similarly dependent 
upon molecular brain changes. Each 
sensory impression leaves behind a record 
in the structure of the brain — an ■' idea- 
genous " molecule, so to spe:ik, which ia 
competent, under certain conditions, to 
reproduce, in a fainter condition, the 
state of conscioustiess which corresponds 
with that sensory impression ; and it is 
these " ideagenous molecules " which are 
the physical basis of memory. 

It may be assumed, then, that molecu- 
lar changes in the brain are the causes of 
all the states of consciousness of bnites. 
Is there any evidence that these states nf 
consciousness may. conversely, cause 
those molecular changes which give rise 
to muscular motion ? I see no such evi- 
dence. The frog walks, hops, swims, and 
goes through his gymnastic performances 
quite as well without consciousness, and 
consequently without volition, as with it ; 
and, if a frog, in his natural state, posses- 
ses anvthing corresponding with what we 
call volition, there is no reason lo think 
that it is anything but a concomitant of 
the molecular changes in the brain which 
form part of the series involved in the 
production of motion. 

The consciousness of brutes would ap- 
pear to be related to the mechanisnt of 
their body simply as a collateral product 
of its working, and to be as completely 
without any power of modifying that 
working as the steam-whistle which ac- 
companies the work of a locomotive en- 
gine is without influence upon its ma- 
chinery. Their volition, if they have 
any, is an emotion indicative of physical 
changes, not a cause of such changes. 

This conception of the relations of 
states of consciousness with molecular 
changes in the brain — of psychasts with 
tifiiroses — does not prevent us from as- 
cribing free will to brutes. For an agent 
is free when there b nothing to prevent 
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him from doine' that which he desires to 
' J. It a graynound chases a hare, he is 
free agent, because his action is in en- 
re accordance with his strong desire to 
catch the hare : while so long as he is held 
back by the leash he is not tree, being 
prevented by external force from fcllow- 
ing his inclination. And the ascription of 
freedom to the grayhound under the for- 
Tner circumstances is by no means in- 
consistent with the other aspect of the 
facts of the case — that he is a machine 
impelled to the chase, and caused, at the 
same time, to have the desire to catch the 
game by the impression which the rays of 
ught proceeding from the hare make up- 
on his- eyes, and through them upon his 

Much ingenious argument has, at *'ari- 
ous times, been bestowed upon the ques- 
tion : How is it possible to imagine that 
volition, which is a state of consciousness, 
and, as such, has not the slightest com- 
munity of nature with matter in motion, 
can act upon the moving matter of which 
the body is composed, as it is assumed to 
do in voluntary acts ? But if. as is here 
suggested, the voluntary acts of brutes — 
or. m other words, [he acts which they 
desire to perform — are as purely mechan- 
ical as the rest of their actions, and are 
simply accompanied by the state of con- 
sciousness called volition, the inquiry, so 
far as they are concerned, becomes su- 
perfluous. Their volitions do not enter 
into the chain of causation of their ac- 
tions at ail. 

The hypothesis that brutes are con- 
scious automata is perfectly consistent 
with any view that may be held respect- 
ing the often discussed and curious ques- 
tion whether they have souls or not ; and. 
jf they have souls, whether those souls 
'are immortal or not. It is obviously har- 
monious with the most literal adherence 
to the text of Scripture concerning " the 
beast that perisheth ; " but it is not incon- 
sistent with the amiable conviction as- 
cribed by Pope to his " untutored savage." 
that when he passes to the happy hunt- 
ing-grounds in the sky, ■■ his faithful dog 
shall bear him company." If the brutes 
have consciousness and no souls, then it 
is clear that, in them, consciousness is a 
direct function of material changes : white, 
it they possess iinmaterial subjects of 
consciousness or souls, then, as con 
ness is brought into existence only 
consequence of molecular motion 
brain, it follows that it is an indirect 
product ot material changes. The 
Stands related to the body as the bell of 
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:lock to the works, and c 

to the sound which the bell ^"ves 
out when it is struck. 

Thus far I have strictly confined my- 
self to the problem with which I pro- 
posed to deal at starting — the automatism 
of brutes. The question is. I believe, a 
perfectly open one. and I feel happy in 
running no risk of either Papal or Pres- 
byterian condemnation for the views 
which I have ventured to put forward. 
And there are so very tew interesiing 
questions which one is, at present, al- 
lowed to think out scientifically — to go as 
ison leads, and stop where e\'i- 
dence comes to an end^without speedily 
being deafened by the tattoo of "the 
'rum ecclesiastic " — that I have luxuriated 
I my rare freedom, and would now will- 
Lgly bring this disquisition to an end if I 
could hope that other people would go no 
farther. Unfortunately, past experience 
debars me from entertaining any such 

that drum's discordant sound 

Parading round and round and round," 

E not, at present, as audible to me. as 
as to the mild poet who ventured to 
express his hatred of drums in general, in 
that well-known couplet. 

It will be said, that I mean that the 
conclusions deduced from the study of 
the brutes are applicable to man, and 
that the logical consequences of such ap- 
plication are fatalism, materialism, and 
atheism — whereupon the drums will beat 
the pas de charge. 

One docs not do battle with drummers ; 
but I venture to offer a few' remarks for 
the calm consideration of thoughtful per- 
sons, untrammeled by foregone conclu- 
sions, unpledged to shore-up tottering 
dogmas, and anxious only to know the 
true bearings of the case. 

It is quite true that, to the best of my 
judgment, the argumentation which ap- 
plies to brutes holds equally good of men ; 
and, therefore, that all states of conscious- 
ness in us, as in them, are immediately 
caused by molecular changes of the brain- 
substance. It seems to me that in men, 
brutes, there is no proof that any 
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change in the motion ot the mailer of the 
organism. If these posiliuns are well 
based, it follows that our mental condi- 
tions are simply the symbols in conscious- 
ness of the changes which take place s 
tomatically in the organism ; and that, 
take an extreme illustration, the feeling 
we call volition is not the cause fA a vol- 
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the view ihat n 



iwed with free will in the only intelU- 
e of thai much-abused term — 
jtsmueh as in many respects we are 
■ 10 do as we iiiie — but none the less 
s of the great series of causes and ef- 
S which, in unbroken continuity, com- 
s that which is, and has bce^, and 
n be— the 

6 to the logical consequences of this 

lion of mine, I may tJe permitted to 

i that logical consequences are the 

precrows of fools and the beacons of 

so. The only question which any 

" "an ask himself, and which any 

n will ask himself, is whether 

ir false. Consequences 

: of themselves ; at most 

■ importance can only justify us in 

-g with extra care the reasoning proc- 

a which they result. 

lat if the view 1 have taken did 

. _ Jly and logically lead to fatalism, ma- 
terialism, and atheism, I should profess 
myself a fatalist, materialist, and atheist ; 
and I should look upon those who, while 
they believed in my honesty of purpose 
antl inteliectua! competency, should raise 
a hue and cry against me, as people who 
by tl^eir gwn atimission preferred lying 
" 1 truth, and whose opinions therefore 
.■orthy of the smallest attention. 
t, as 1 have endeavored to explain 
Sf other occasions. I really have no claim 
■lanlc myself among fatalistic, material- 
ic, or atheistic philosophers. Not 
long fatalists, tor I take the conception 
I flecessiiy to have a logical, and not a 
fsicalfoundation: notamongmatcrial- 
I, {or 1 am utterly incapable of con- 
"" _.._ ..[istcnce of matter if there is 
Eoiindiawhich to picture that existence : 
It . among atheists, for the problem of 
b ultimate cause of existence is one 
mkh seems to me to be hopelessly out 
■ reach of my poor powers. Of all the 
Biseless babble I have ever had occasion 
Kread, the demonstrations of these phi- 
%Ophers who undertake to teli us all 
Eout the nature of God would be the 
ferst, if they were not surpassed by thi 
M greater absurdities of the philosopher; 
bo try to prove that there is no God. 
I Ant! if this personal disclaimer should 
t be enough, lei me further point out 
it a great many persons whose acute- 
IB and learnmg will not be contested, 
d whose Christian piety, and, in some 
I, strict orthodoxy, are above stispi- 
1, I^vc held more or less definitely 



autom- 

Itis held, for example, in substance, by 
the whole school of predestlnarian theo' 
lugians. tj-pified by St. Augustine. Calvin. 
and Jonathan Edwards — the great work 
of the latter on the will showing in thb. 
as in other cases, that the growth of phys- 
ical science has introduced no new diffi- 
culties of principle into theological prob- 
lems, but has merely given visible body, 
as it were, to those which already existed. 

Among philosophers, the pious Geu- 
lincx and the whole school of occaslonallst 
Cartesians held this view : the orthodox 
Leibnitz invented the term "automate 
spirituel." and applied it Co man ; the fer- 
vent Christian, hartley, was one of the 
chief advocates and best expositors of the 
doctrine ; while anotherzealous apologist 
of Christianity in a sceptical age, and a 
contemporary of Hartley, Charles Bonnet, 
the Genevese naturalist, has embodied 
(he doctrine in language of such precis- 
ion and simplicity, that I will quote the 
little-known passage of his " Essai de 
Psychologic " at length: — 

CDNCeHNlNO TUG 



" Philosophers accustomed to judge of 
things by thai which they arc in themselves, 
and not by their relation to receive ideas, 
would not be shocked if they met with the 
proposition Ihit the soul is a mete spectator 
of the movements of its body: that the Uttei 
performs of itself all that series of actions 
which constitutes life: that it moves of itself; 
that it is the body alone which reproduces 
ideas, compares and arranBCS them ; which 
forms reasonings, imagines and esecules 
plans of all kinds, etc. This hypothesis, 
though perhaps of an excessive boldness, 
nevertheless deserves some consideration. 

" It is not to be denied that Supreme Power 
could create an automaton which should ex- 
actly imitate all the external and intemal 
actions of man, 

"1 understand by external actions, all those 
movements which pass under our eyes ; I tenn 
internal actions, all the motions wnich in the 
natural state cannot be oliserved because 
they take place in the interior of the body — 
such as the movements of digestion, circula- 
tion, sensation, etc. Moreover, I include in 
this category the movements which give rise 
to ideas, ivhalcver be their nature. 

" In the automaton whieh we are consider. 
ing evervthing would be precisely determined. 
Everything would occur according to the 
rules' of the most admirable mechanism : one 
state would succeed another stale, one opera- 
tion would lead to another operation, accord- 
ing to invariable laws ; motion would become 



" Essai lie Fiydiologie," chap, i 
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« and effect, effect and cause ; 

answer to actiun. and rejlco- 

in to ptoduciion. 

" Constructed with definite relations to the 

activity of the beings which compose the 

vorld, the automaton would receive itnpres- 

LS from it, and, in faitliful correspond! 



thereto, it would ( 
series of ic 



machine and decide 



: n. corresponding 

aiiv determination, il 
. all, U the first im- 
LQ speak, wind up the 
tii (iperationa and its 



from all others formed c 



jmpresaiona, or would not havi. 

perienced them in the same order. 

tion by the objects presented to it, would 
communicate their motion to the brain, the 
chief motor apparatus of the machine. This 
would put in action the muscles of the hands 
Mid feet, in virtue of their secret connection 
vlth the senses. These muscles, alternately 




motions of perception and 
rhich the objects would have impressed on 
tie brain, would be preserved in it by the 
energy of its mechanism. They would be- 
come more vivid according to the actual con- 
dition o£ the automaton, considered in itself 
and relatively to the objects. 

" Words being only the motions impressed 
on the organ of hearing and that of voice, 
the diversity of these movements, their com- 
bination, the order in which they would suc- 
ceed one another, would represent judgments, 
reasoning, and all the operations of the mind. 
"A close correspondence betiveen the or- 
gans of the senses, either by the opening into 
one another of their nervous ramificationa, or 
by interposed spring {rtssotii), would estab- 
lish such a connection in their working, that, 
on the occasion of the movements impressed 
on one of these organs, other movements 
lyould be excited, or would become more 
vivid in some of the other senses. 

"Give the automaton a sou! which con- 
templates its movements, which believes it- 
self to be the author of them, which has dif- 
. ferent volitions on the occasion of the differ- 
1 cnt movements, and you will on this hypolhe- 

' " But would this man be free ! Can the 
feeling of our liberty, this feeling which is so 
clear and so distinct and so vivid as to per- 
suade us that we are the authors of our ac- 
tions, be conciliated with this hypothesis? 
If it removes the difficulty which attends the 
conception of the action of the soul on the 
body, on the other hand it leaves untouched 



that which meets us in endeavoring to con:- 
ceive the action of the body on the soul." 

But if Leibnitz, Jonathan Edwards, and 
Hartley — men who rank among the giants 
of the world of thought — could see no an- 
tagonism between the doctrine under dis- 
cussion and Christian orthodoxy, is it nol 
just possible that smaller folk may be 
wrong in making; sudi a foil about " log- 
ical consequences " ? And seeing how 
large a share of this clamor is raised by 
the ciergy of one denomination or another, 
may I say, in conclusion, thai it really 
would be well if ecclesiastical persona 
would reflect that ordination, whatever 
deep-seated graces it may confer, has 
r been observed to be followed by 

^ visible increase in the learning or the 
logic of its subject. Making a man a 
Bishop, or entrusting him with the office 
n( ministering to even the largest of Pro»- 
byterian congregations, or setting him up 
lecture to a Church congress, really 
^s not in the smallest degree augment 
such title to respect as his opinions may 
intrinsically possess, And, when such a 
man presumes on an authority which was 
conferred upon him for other purposes, to 
sit in judgment upon matters his inconipe- 
tence to deal with which is patent, it a 
permissible to ignore his sacerdotal pre- 
tensions, and to tell him. as one would 
tell a mere common, unconsccrated lay- 
man, that it is not necessary for any man 
to occupy himself with problems of this 
kind unless he so choose ; life is tilled full 
enough by the perlormance of its ordinary 
and obvious duties. But that, if a man 
elect to become a judge of these grave 
questions ; still more, if he assume the re- 
sponsibility of attaching praise or blame 
to his fellowmen for the conclusions at 
which they arrive touching them, he will 
commit a sin more grievous than most 
breaches of the Decalogue, unless he 
avoid a lazy reliance upon the informa- 
tion that is gathered by prejudice and fil- 
tered through passion, unless he go back 
to the prime sources of knowledge — the 
facts of nature, and the thoughts of those 
wise men who tor generations past have 
been her best interpreters. 

II, 

SCIENCE AND CULTURE.* 

Six years ago, as some of my present 
hearers may remember. 1 had the privi- 

• An Addrciis dcUeercd 31 ihe opeoiog of Sir 
Josiah Mason's Science College, BlriDiaEhaindggD^ 
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lege of addressing a large assemblage of 
the in habit; inis oflhis city, who had gath- 
ered together to da honor to the mem- 
ory of ilierr famous townsman, Joseph 
Priestley ; and, if any satisfaction attaches 
to posthumous glory, we may hope that 
the manes of the faurnt-out philosopht 
were then finally appeased. 

No man, however, who isendowed with 
a fair sh.ire of common sense, and 
more than a fair share of vanity, will iden- 
tify either contemporary or posthumous 
/ame with the highest good ; and Priest- 
ley's life leaves no doubt that he, at any 
rate, set a much higher value upon the 
advancement of knowledge, and the pro- 
motion of that freedom of thought which 
is at once the cause and the consequence 
of intellcetual progress. 

Hence I am disposed to think that, if 

icattey could be amongst us to-day, the 
non of our meeting would afford him 
greater pleasure than the proceed- 
which celebrated the centenary of 
chief discovery. The kindly heart 
woald be moved, the high sense of social 
duty would be satisfied, by the spectacle 
of well-earned wealth, neither squandered 
in tawdry luxury and vainglorious show, 
nor scattered with the careless charity 
which blesses neither him that gives nor 
him that takes, but expended in the exe- 
cution of a well-considered plan for the 
aid of present and future generations of 
ifaose who are willing to help themselves. 

Wc shall all be of one mind thus far. 
But it IS needful to share Priestley's keen 
inicrcsl. in physical science ; and to have 
learned, as he had learned, the value of 
Eclenlilic training in fields of inquiry ap- 
parently far remote from physical science ; 
in order lo appreciate, as he would have 
appreciated, the value of the noble gift 
which bir josiah Mason has bestowed 
the inhabitants of the Midland dis- 

children of the nineteenth cent- 
;ver, the establishment of a eol- 
under the conditions of Sir Josiah 
in's Trust, has a significance apart 
any which it could have possessed a 
hundred years ago. It appears to be an 
indtcatiun that we are reaching the crisis 
of the battle, or rather of the long series 
of battles, which have been fought over 
education in a campaign whicli began 
long before Priestley's time, and will 
probably not be finished just yet. 

In the last century, the combatants 
were the champions of ancient literature, 
on the one side, and those of modern lit- 
vKfiturc on the other ; but. some thirty 
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years* ago, the contest became compli- 
calcd by the appearance of a third array, 
ranged round the banner of Piiysii.;al Sei- 

I am not aware that any one has au- 
thority to speak in the name of tliis new 
host. For it must be admitted to be 
somewhat o£ a guerilla force, composed 
largely of irregulars, each of whom fights 
pretty much for his own hand. But the 
impressions of a full private, v\-ho has 
seen a good deal of service in the ranks, 
respectinj; the present position of affairs 
and the conditions of a permanent peace, 
tnsy not be devoid of interest ; and I do 
not know that 1 could make a better use 
of the present opportunity than by laying 
them before you. 

From the time that the first suggestion 
ta introduce physical science into ordinary 
education was timidly whispered, until 
now, the advocates of scientific education 
have met with opposition of two kinds, 
On the one hand, they have been pooh- 
poohed by the men of business who pride 
themselves on being the representatives 
of practicality; while, on the other hand, 
they have been excommunicated by thi 
classical scholars, in their capacity O! 
Levltes in charge of the ark of culture and 
monopolists of liberal education. 

The practical men believed that the idol 
whom they worship — rule of thtmib— has 
been the source of the past prosperity, and 
will suffice for the future welfare of the 
arts and itianufactures. They were al 
opinion that science is speculative rub- 
bish : that theory and practice have noth- 
ing to do with one another; and that the 
scientific habit of mind is an impediment, 
rather than an aid, in the conduct of or- 
dinary affairs. 

I have used the past tense in speaking 
of the practical men — tor although they 

, y^ry formidable thirty years ago, I 

lot sure that the pure species has not 

been extirpated. In fact, so far as mere 
argument goes, they have been subjected 
to such a/eu ifctt/er that it is a miracle 
if any ha\i; escaped. But 1 have remarked 
that your typical practical man has an un- 
expected resemblance to one of Milton's 
angels. His spiritual wounds, such as 

; inflicted by logical weapons, may be 

deep as a well and as wide as a church 
door, but beyond shedding a few drops 
of ichor, celestial or otherwise, he is no 
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whit the worse. So. if any of these op- 
ponents be left, 1 will not waste time in 
vain repetition of the demonatralive evi- 
dence of the practical value of science ; 
but knowing that a parable will sometimes 
penetrate where syllogisins fail to effect 
an entrance, 1 will offer a story for their 
consideration. 

Once upon a time, a Imy. with nothing 
to depend irpon but his own vigorous nat- 
ure, was thrown into the thick of the 
struggle for existence in the midst of 
-a great manufacturing population. He 
seems to have had a hard fight, inasmuch 
as, by the time he was thirty years of age, 
his total disposable funds amounted to 
twenty pounds. Nevertheless, middle 
life found him giving proof of his com- 
prehension of ilie practical problems he 
had been roughly called upon to solve, hy 
a career of remarkable prosperity. 

Finally, having reached old age with 
its well-earned surroundings of " honor, 
troops of friends." the hero cf my story 
bethought himself of those who were mak- 
ing a like start in life, and how he could 
stretch out a helping hand to them. 

After long and anxious reflection this 
.successful practical man of business could 
devise nothing better than to provide 
them with the means of obtaining " sound, 
extensive, and practical scientilic knowl- 
edge." And he devoted a large part of 
his wealth and five years of incessant 
work to this end. 

t need not point the moral of a tale 
which, as the solid and spacious fabric of 
the Scientific College assures us, is no 
fable, nor can anythmg which I could say 
intensify the force of this practical an- 
swer to practical objections. 

We may lake it for granted then. that. 
in the opinion of those best qualified to 
judge, the diffusion of thorough scientific 
education is an absolutely essential con- 
dition of industrial progress ; and that 
the College which has been opened to- 
day will confer an inestimable boon upon 
those whose livelihood is to be gained by 
the practice of the arts and manufactures 
of the district. 

The only question worth discussion is. 
whether the conditions, under which the 
work of the College is to be carried out, 
nre such as to give it the best possible 
chance of achieving permanent success. 

Sir Josiah Mason, without doubt most 
wisely, has left very large freedom of ac- 
tion to the trustees, to whom he proposes 
ultimately to commit the administration 
of the College, so that they may be able 
to adjust its arrangements in accordance 



wtdi the changing conditions of the future. 
But, with respect to three points, he has 
laid most explicit injunctions upon both 
administrators and teachers. 

I'arty politics are furbtddeii to enter 
into the minds of either, so far as the 
work of the College is concerned ; theol- 
ogy is as sterniy banished from its pre- 
cmcts ; and finally, it is especially decliired 
that the College shall make no provision 
for " mere literary instruction and educa- 

It does not concern me at present to 
dwell upon the first two injunctions any 
longer than tnay be needful to express 
my full conviction of their wisdom. But 
the third prohibition brings us faee to face 
with those other opponents of scientiSc 
education, who are by no means in the 
moribund condition of the practical man, 
but alive, alert, and formidable. 

It is not impossible that we sh^l fiear 
this express exclusion of " literary inBirutv 
tion and education " from a College whicb, 
nevenheless, professes to give a high and 
efficient education, sharply criticisetL Cetv 
tainly the time was that the Levites Ol 
culture would have sounded their tmrap- 
ets against its walls as against an educa- 
tional Jericho, 

How often have we not been told that 
the study of physical science is incompe- 
tent to confer culture ; that it touchea 
none of the higher problems of life; and, 
what is worse, that the continnal devotion 
to scientific studies tends to generate a 
narrow and bigoted belief in the applica- 
bility of scientific methods to the search 
after truth of alt kinds. How frequently 
one has reason to observe that no reply 
to a troublesome argument tells so well as 
t^alMng its author a '■ mere scientific s^x- 
cialist." And. as I am afraid it is net 
permissible to speak of this form of appo~ 
sition to scientific education in the past 
tense ; may we not expect to be told that 
this, not only omission, but prohibition, of 
" mere literary instruction and education " 
is a patent example of scientitii; narrow- 
mindedness ? 

1 am not acquainted with Sir Josi^ 
Mason's reasons for the action which he 
has taken ; but if. as 1 apprehend is the 
case, he refers to the ordinary classica) 
course of our schools and universities b]p 
the name of " mere literary instruction and 
education." 1 venture to offer sundry ma- 
sons of my own in support of that action. 

For I hold very strongly by two convic- 
tions — The first is, thai neither the disci- 
pline nor the subject-matter of classical 
education is of such direct value to tbe 
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—w.jt of physical science as to justify 
I expenditure of valuable time upon 
h er ; and the Hei:ond is, that for the pur- 
pose of attaining real culture, an exclu- 
iively sdentific education is at least as cf- 
feiilual an an exclusively literary educa- 

1 need hardly point out to you that these 
opinions, especially the later, are diamet' 
ncally opposed to those of the great ma- 
jority of educated Englishmen. inHuenced 
as they arc hy school and university tra- 
ditions. In lieir belief, culture is obtain- 
able only by a liberal education ; and a 
libern! education is synonymous, not 
merely with education and instruction in 
titeraiure, but in one particular form of 
Uterature. namely, that of Greek and'" 
man antiquity. They hold that the 
who has learned Latin and Greek, however 
little, is educated ; while he who is versed 
in other branches of knowledge, however 
deeply, is a jnore or less respectable spe- 
jCiri ist. not admissible into the cultured 
The stamp of the educated man. 
flOTBTKly degree, is not for him. 
a too well anquainted with tlie gen- 
catholicity of spirit, the true sym- 

liiy with scientific thought, which per- 
vades the writings of our eliief apostle of 
culture to identify him with these opin- 
ions; and yet one may cult from one and 
another of those epistles to the Philistines, 
which so much delight all who do not an- 
swer to that name, sentences which lend 
ihcm some support, 

Mr. Arnold tells us that the meaning of 
culture is " to know the best that has been 
thought and said in the world." It is the 
criticism of life contained in literature. 
Thai criticism regards ■■ Eurofte as being, 
for intellectual aitd spiritual purposes, one 
ereat confederation, bound to a joint ac- 
tion and working to a common result: 
and whose members have, for their com- 
mon Outfit, aknowledge of Greek, Roman, 
wd Eastern antiquity, and of one another. 
Special, local, and temporary advantages 
being put out of account, tbai modern 
nation wilt in the intellectual and spirit- 
ual sphere make most progress, which 
jBost thoroughly carries out this pro- 
gramme. And what is that but saying 
that we too. all of us, as individuals, the 
more thoroughly we carry it out. shall 
make the more progress ? " 

We have here to deal with two distinct 
propo.'utions. The first, that a criticism 
of life is the essence of culture ; the sec- 
ond, that literature contains the materials 
which suffice for the construction of such 
'^criticiam. 



I think that we must all assent to the 
first proposition. For culture certainly 
means something quite different from 
learning or technical skill. It implies the 
possession of an idea!, and the habit of 
critically estimating the value of things 
by comparison with a theoretic standard. 
Perfect culture should apply a complete 
theory of life, based upon a clear knowl- 
edge alike of its possibilities and of its 
limitations. 

But we may agree to all this, and yet 
strongly dissent from the assumption that 
literature alone is competent to supply 
this knowledge. After having learnt all 
that Greek. Roman, and Eastern antitjuity 
have thought and said, and all that mod- 
ern literatures have to tell us, it is not self- 
evident that we have laid a sufficiently 
broad and deep foundation for that critic 
cism of life wich constitutes culture. 

Indeed, to any one acquainted with the 
scope of physical science, it is not at ail 
evident. Considering progress only in the 
" intellectual and spiritual sphere," 1 find 
myself wholly unable lo admit that either 
nations or individuals will really advance, 
if their common outfit draws nothing from 
the stores of physical science. 1 should 
say that an army, without weapons of 
precision, and with no particular base of 
operations, might more hopefully enter 
upon a cEimpaign on the Rhine, than a 
man, devoid of a knowledge of what phys- 
ical science has done in the last century, 
upon a criticism of life. 

When a biologist meets with an anom- 
aly, he instinctively turns to the study of 
development to clear it up. The rationale 
of contradictory opinions may with equal 
confidence be sought in history. 

Itis. happily, no new thing that Englbh- 
men should employ their wealth in build- 
ing and endowing institutions tor educa- 
tional purposes. But. five or six hundred 
years ago, deeds of foundation expressed 
or implied conditions as nearly as possiWe 
contrary to those which have been thought 
expedient by Sir Josiah Mason. That ia 
to say, physical science was practically ig- 
nored, while a certain literary training 
was enjoined as a means to the acquire- 
ment of knowledge which was essentially 
theological. 

The reason of this singular contradic- 
tion between the actions of men alike an- 
imated by a strong and disinterested de- 
' -e to promote the welfare of their fet- 

«s, is easily discovered. 

At that time, in fact, if any one desired 
knowledge beyond such as could be ob- 
tained by his own observation, or by 
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>n. liis first necessity 
was the leam the Latin language, inas- 
inueh as all the higher knowled^ of the 
western world was contained m works 
written in that language. Hence, Latin 
grammar, with logic and rhetoric, studied 
through Latin, were the fundamentals of 
education. With respect' to the substance 
of the knowledge imparted through this 
channel, the Jewish and Christian Script- 
ures, as interpreted and supplemented by 
the Romish Church, were held to contain 
a complete and infallibly true body of in- 
formation. 

Theological dicta were, to the thinkers 
o£ those days, that which the axioms 
and definitions of Euclid arc to the 
geometers of these. The business of the 
philo-sophers of the middle ages was to 
deduce from the data furnished by the 
iheolgians, conclusions in accordance with 
ecclesiastical decrees. They were allowed 
the high privilege of showing, by logical 
process, how and why that which the 
Church said was true, must be true. 
And if their demonstrations fell short of 
or exceeded this limit, the Church was 
maternally ready to check their aberra- 
tions, if need be, by the help of the secu- 
lar arm. 

Between the two, our ancestors were 
furnished with a compact and complete 
criticism of life. They were toid how the 
world began, and how it would end ; 
they learned that all material existence was 
but a base and insignificant blot upon 
the fair face of the spiritual world, and 
that nature was, to all intents and pur- 
poses, the play-ground of the devil; 'they 
learned that the earth is the center of the 
iTsible universe, and that man is the cyno- 
sure of things terrestrial ; and more 
especially is it inculcated that the course 
of nature had no fixed order, but that it 
could be, and constantly was. altered by 
the agency of innumerable spiritual be- 
ings, good and bad. according as they 
were moved by the deeds and prayers of 
men. The sum and substance of the 
whole doctrine was to produce the con- 
viction that the only thing really worth 
knowing in this world was how to secure 
Chat place in a better which, under cer- 
tain conditions, the Church promised. 

Our ancestors had a living belief in 
this theory of life, and acted tipon it in 
their dealings with education, as in all 
other matters. Culture meant saintliness 
— after the fashion of the saints of those 
days ; the education that led to it was. of 
necessity, theological ; and the w.iy to 
Ihcology lay through Latin. 



That the sEtidy of nature — further than 
was requisite for the satisfaction of every- 
day wants— should have any bearing on 
human life was far from the thoughts of 
men thus trained. Indeed, as nature 
had been cursed for man's sake, it was an 
obvious conclusion that those who med- 
dled with nature were likely to come into 
pretty close contact with' Satan. And, 
if any born scientific investigator followed 
his instincts, he might safely reckon upon 
earning the reputation, andprobablyupon 
suffering the fate, of a sorcerer. 

Had the western world been left to it- 
self in Chinese isolation, there is no say- 
ing how long this state of things might 
have endured. But, happilv. it was not 
left- to itself. Even earlier than the thir- 
teenth century, the development of Moor- 
ish civilization in Spain and the great 
movement of the Crusades had intro- 
duced the leaven which, from that d^to 
[his, has never ceased to work. At first, 
though the internjediation of Arabic 
translations, afterward by the study Of 
the originals, the western nations of Eu- 
rope became acquainted with the WTlt- 
ings of the ancient philosophers and poets, 
and, in time, with the whole of the vast 
literature of antiquity. 

Whatever there was of high inietlcct- 
ual aspiration or dominant capacity in 
Italy, France, Germany, and England, 
spent itself for centuries in taking posses- 
sion of the rich inheritance left by the 
dead civilizations of Greece and Rome. 
Marvelously aided by the invention ol 
printing, classical learning spread and 
flourished. Those who possessed it 

Erided themselves on having attained the 
ighest culture then within the reach 
of mankind. 

And justly. For. saving Dante on his 
solitary pmnacle, there was no figure in 
modem literature at the time of the 
Renascence to compare with the men Of 
antiquitj;; (here was no art to compete 
with their sculpture ; there was no phys- 
ical science but that which Greece liad 
created. Above all. there was no other 
example of perfect intellectual freedom — 
of the unhesitating acceptance of reason 
as the sole guide to truth and the su- 
preme arbiter of condurt. 

The new learning necessarily soon ex- 
erted a profound intiuence upon educa- 
tion. The language of the monks and 
schoolmen seemed little better than gib- 
berish to scholars fresh from Virgil and 
Cicero, and the stud^ of Latin was placed 
upon a new foundation. Moreover, Lat- 
in itself ceased to afi'ord the sole key iq 
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. „r. The siudeiit who sought the 
;3[ thought uf antiquity, found only 
ond-hand rdkctbn of it in Roman 
iture. and turned his Eace to the full 
of the Greelcs. And after a battle, 
i^lloKetbcr dissimilar to that which is 



of physical science, the study of Greel 
was recO!:;;nizcd as an essential element of 
all higher education. 

Thus the Humanists, as they were 
cailcd.wonthe day; and thereat reform 
which they effected was of incalculable 
service to mankind. But the Nemesis of 
ail reformers is finality ; and the reformers 
of education, like those of religion, fell into 
the profound, however common, error of 
mistakin}; the bejjlnning for the end of 
the work of reformation. 

Tile representatives of the Humanists 
in the nineteenth century, take their stand 
upon classical education as the sole ave- 
nue lo culture, as firmly as if we were still 
in the age of Renascence. Yet, surely, 
the present intellectual relations of the 
modem and the ancient worlds are pro- 
foundly different from those which ob- 
tained three centuries ago. Leaving aside 
tlie existence of a great and characteristic- 
ally modern literature, of modem paint- 
ing, and, especially, of modern music, 
tlu-rc is line feature of the present state of 
:' ■ ' ' \v odd which separates it more 
I ihe Renascence, than the 
was separated from the 
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T part which is played by natural 
knowledge. Not only is our daily life 
shaped by it, not only does the prosperity 
of millions of men tlepend upon it, but 
our whole theory of life has long been in- 
fluenced. consciously or unconsciously, by 
general conceptions of the universe, 
Ti have been forced upon us by phys- 



fcfact. the most elementary acfjuaint- 
^with the results of scientitic investi- 
is that they offer a broad 
nld striking contradiction lo the opinions 
eo implicitly credited and taught in the 
middle ages. 

The notions of ihe beginning and the 
entl of the world entertained by our fore- 
fathers are no longer credible. It is very 
certain that ihe earth h not the chief 
body in the material universe, and that 
the K'orkI is not subordinated to man's 
QK. It is even more certain that nature 
is t he expression of a definite order with 
^^*' 'i nothing interferes, and that the 



chief business of mankind is to learn that 
order and govern themselves accordingly. 
Moreover this scientific " criticism of life " 
presents itself to us with different creden- 
tiab from any other. It appeals not lo 
authority, nor to what anybody may have 
thought or said, but to nature. It admits 
that all our interpretations of natural fact 
or more or less imperfect and symbolic, 
and bids the learner seek for truth not 
among words but among things. It 
warns us that the assertion which out- 
strips evidence is not only a blunder but 

The purely classical education advo- 
cated by the representatives of tiie Hu- 
manists in our day, gives no inkling; of all 
this. A man may be a better scholar 
than Erasmus, and' know no more of the 
chief causes of the prc!^ent intellectual fer- 
mentation than Erasmus did. Schciarly 
and pious persons, worthy of all respect, 
favor us with allocutions upon tile sadness 
of the antagonism of science to their me- 
dieval way of thinking, which belraj^an ig- 
norance of the first principles of scientihc 
investigation, an incapacity for under- 
standing what a man of science means by 
veracity, and an unconsciousness of the 
weight of established scientjiic truths, 
which is almost comical. 

There is no great force in the in ifuo- 
que argument, or else the advocates of 
scientific education might fairly enough 
retort Upon the modern Humanists that 
they may t)e learned specialists, but that 
they possess no such sound foundation 
for a criticism of life as deserves 'he name 
of culture. And. indeed, if we were dis- 
posed to be cruel, we might nrge that the 
Humanists have brought this reproach 
upon themselves, not because they arc 
too full of the spirit of the ancient Greek, 
but because they lack it. 

The period of the Renascence is com- 
monlv called that of the " Revival of Let- 
ters," as if the influences then brought to 
tiear upon the mind of Western Europe 
has been wholly exhausted in the field of 
literature, t think it is very commonly 
forgotten Ihat the revival of science, ef- 
fected by the same agency, although less 
conspicuous, was not less momentous, 

In fact, the few and scattered students 
of nature of that day picked up the clue 
to her secrets esactly as it fell from the 
hands of the Greeks a thousand years be- 
fore. The foundations of mathematics 
were so well laid by them, that our chil- 
dren learn their geometry from a book 
written for the schools of Alexandria two 
thousand years ago. Modern astronomy 
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is the natural cnntinuaiion and develop- | 
mem of the work uf Hipparchus and of , 
Ptolemy ; niotlern idiyiini of tliat of De- ' 
mocritus and of Ari'liimedcs : it was long ' 
before modern biolu:,"]!.';*! scient-c outgrew j 
the knowledge bfC|iieat(-ied uj us bv Aris- 

. loile, by Theophr.istus. aiid by C.alcn. 

_ Wc cannot know all the bJ.-t thoughts 
and sayings of the (irc^eks unless '.ve 
krtovi what they thimght sibo-jt natural 
phenomena. \\'e cannot fully apprehend 
their criticism of life unless wc under- 
stand the extent to which that criiiciam 
was affected by scientific conceptions. 
Wc falsely pretend to be the inheritors of 
their culture, unless we are penetrated, as 
the best minds among; them were, with I 
an unhesitating faith that the free em- 
ployment of reason, in accordance with 
Bcienlitic method, is the sole method of 
reaching truth. 

Thus I venture to think that the pre- 
tensions of our modem Humanists to the 
possession of the monopoly of culture and 
to the exclusive inheritance of the spirit 
of antiquity must be abated, if not aban- 
doned. Hut I should he very sorry that 
anything 1 h:ive said shoulH be taken 
to imply a desire on my part to depreci- 
ate the value of classical education, as it 
might lie and as it sometimes is. The 
native capacities of mankind \'ary no less 
than their opportunities ; and while cult- 
ure is one, the road by which one man 
may best reach it is widely different from 
that which is most advantageous to an- 
other. Again, while scientihc education 
is yet inchoate and tentative, classical ed- 
ucation is thoroughly well organized upon 
the practical experience of generations of 
leacners. So that, given ample time for 
karning and destination for ordinary life. 
or for a literary career, 1 do not think that 
a young Enghshman in search of culture 
can do better than follow the cour'^ usu- 
ally marked out for him, supplementing its 
deficiencies by his own efTorts. 

But for those who mean to make 
science their serious occupation ; or who 
intend to follow the profession of medi- 
cine; or who have to enter early upon 
the business of life ; for all these, in my 
opinion, classical education is a mistake ; 
and It is for this reason that I am giad 
see ■' mere literary- education and instni 
tion " shut out from the curriculum 
Sir Josiah Mason's College, seeing that 
inclusion would probably lead to the i 
Iroduction of the ordinary smattering of 
Latin and Greek. 

Nevertheless, I am the last person to 
quCBticHi the importance of genuine liter- 



ary education, or to suppose that intellect- 
ual culture can be complete without it. 
An exclusively scientific training will 
bring about a mental twist as surely as 
an exclusively literary training. The 
value of the cargo does not compensate 
for a ship's being out of trim : and I 
should be very sorry to think that the 
Scientific College would turn out none 
but lop-sided men. 

There is no need, however, that such a 
catastrophe should happen. Instruction 
in English. French, and tlerman is pro- 
vided, and thus the three greatest hteralurCB 
of the modem world are made accessible 
to the student. 

French and German, and especially 
the latter lan;.;uagc, are absolutely indis- 
pensable to tlmse who desire full knowl- 
edge in any department of science. But 
even supposing that the knowledge of 
these languages acquired is not more thsn 
sufticient for purely scientific purpose^ 

■eryEnglishman has,in his native tongtie, 

1 almost perfect instrument of literary 
expression ; and. in his own literature, 
models of every kind of literary exceltence. 
If an Englishman cannot get literary cult- 
ure out of his Bible, his Shakespeare, his 
Milton, neither, in my belief, will the pro- 
foundcst study of Homer and Sophocles, 
Virgil and Horace, give it to him. 

Thus, since the constitution of the Co)/- 
legE makes sufficient provision for literary 
as well as tor scientific education, and 

plated, it seems to me that a fairly com- 
plete culture is offered to all who are will- 
ing to take advantage of it. 

But I am not sure that at this point the 
" practical " man. scotched but not slain, 
may ask what all this talk about culture 
has to do with an Institution, ihc object 
of which is defined to be " to promote the 
prosperity of the manufactures and the in- 
dustry of the country." He may 
that what is wanted for this end 
culture, nor even a purely scientific disci- 
pline, but simply a knowledge of applied 

I olten wish that this phrase, "applied 
science," had never been invented. For 
it suggests that there is a sort of scientific 
knowledge of direct israclical use. which 
can be studied apart from another sort of 
scientific knowledge, which is of no prac- 
tical utility, and which is termed "pure 
science." But there is no more complete 
fallacy than this. What people call ap- 
plied science is nothing but the applica- 
tion of pure science to particular classes 
of problems. It consists of deductions 




AND OTHKR ASSAYS. 



[215] 



eral principles, established 
sonbg 3j]iJ observation, which con- 
pure science. No one can safely 
e these deductions until he has a firm 
grasp of the principles ; and he can obtain 
that grasp only by personal cKperience of 
tbc operations of observation and of 
reasoning on which they are founded. 

Almost all the processes employed in 

the arts and manufactures (all within the 

. noge either of physics or of chemistry. 

Jer to improve them, one must thor- 

y understand them ; and no one has 

ince of really understanding them. 

. 5 he has obtained that mastery of 

nciples and that habit of dealing with 

Cs, which is given by long-continued 

and tvell-directed purely scientific training 

in the physical and the chemical labora- 

So that there really is no c^uestion 

cessity of purely scientific dis- 

1 it tile work of the College 

JS limited by the narrowest intcrpreta- 

(of Its stated aims. 

i, as to the desirableness of a wider 
e than that yielded by science alone, 
tto be recoUectcd that the improve- 
M o[ manufacturing processes is only 
B of the conditions which contribute to 
; prosperity o'f industn'. Industry is a 
:ans and i:ot an end; and mankind 
..work only to get something which they 
— at. \vhat tliat something is depends 
'y 0(1 their innate, and partly on tbeir 
ircd, desires. 
Ktbe wealth resulting from prosperous 
try is to be spent upon the gratiiica- 
rf unworthy desires, if the increasing 
ECtion of manufacturing processes is 
e accompanied by an increasing de- 
jenl of those who carr>- thera on. I 
"; see the good of industry and pros- 
is perfectly true that men's views 
is desirable depend upon their 
;; and that the innate proclivi- 
jT'W which we give that name are not 
jdied by any amount of instruction. 
iiC does not follow that even mere in- 
pctual education may not, to an indef- 
£ extent, modify the practical manifes- 
Bn of the characters of men in their 
pna, by supplying them with motives 
taOWTi to the ignorant. A pleasure- 
g character will have pleasure ol 
; sort; but, if you give him the 
JCB, he may prefer pleasures which do 
E degrade him to those which do. And 
js cboice is offered to every man, who 
possesses in literary or artistic culture 
oevcr-litiling source of pleasures, \\'hich 
« neither withered by age. nor stilled by 



im, nor embittered in the recollection 
by the pangs of self-reproach. 

If the Institution opened to-day fulfills 
the intention of its founder, the picked in- 
telligences among all classes of the popu- 
lation of this district will pass through it. 
No child born in Birmingham, hencefor- 
ward, if he have the capacity to profit by 
the opportunities offered to him, first in 
the primary and other schools, and after- 
ward in the Scientific College, need fail 
to obtain, not merely the instruction, but 
tlie culture most appropriate to the con- 
ditions of his life. 

Within these wails, the future employer 
and the future artisan may sojourn to- 
gether for awhile, and carry, through all 
their lives, the stamp of the influences then 
brought to bear upon them. Hence, it is 
not beside tlie mark to remind you, that 
the prosperity of industry depends not 
merely upon the improvement of manu- 
facturing processes, not merely upon the 
ennobling of the individual character, but 
upon a third condition, namely, a clear 
understanding of the conditions of social 
life on the f)3rt of both the caprialrst and 
the operative, and their agreement upon 
common principles of social action. They 
must ieam that social phenomena are as 
much the expression of natural laws as 
any others : that no social arrangements 
an be permanent unless they harmonize 

ith the requirements of social statics and 
dynamics; and that, in (he nature of 
things, there is an arbiter whose decisions 
esecute themselves. 

But this knowledge is only to be ob- 
tained by the application of the methods 
of investigation adopted in physical re- 
searches to the investigation of the phe- 
nomena of society. Hence, 1 confess, I 
should like to see one addition made to 
the escellent scheme of education pro- 
pounded for the College, in the shape of 
pro\'ision for the teaching of Sociology. 
For though we are all agreed tl'.at party 
politics are to have no place in the instruc- 
tion of the College ; yet in this country, 
practically governed as it is now by uni- 
versal suffrage, every man who doe.s his 
duty must exercise political functions. 
And, if the evils which are inseparable 
from the good of political liberty arc lo be 
checked, if the perpetual asciliailDii of na- 
tions between anarchy and despotism is 
to be replaced by the steady march of self- 
restraining freedom : it will be bet'auae 
men will gradually bring themselves to 
deal with political, as they now deal with 
scientific questions ; to be as ashamed of 
iirtdue haste itnd piirtisnu prejudice in the 
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; case as in the other ; and to believe 

I that the machinery of society is at least 

I as (Jelicate as that of a spiuning-jeany, 

and as little likely to be improved by the 

meddling of those who have not taken the 

I trouble to master the principles of its ac- 

tn conclusion. I am sure that 1 make 
myself the mouthpiece of all present in 
offering to the venerable founder of the 
Institution, which now commences its be- 
nefieent career, our congratulations on 
tlie completion of his work : and 
pressing the conviction, that the re 
posterity will point to it as a crucial in- 
stance of the wisdom which natural piety 
leads all men to ascribe to their ances- 



The chief ground upon which I venture 
to recommend that the teacliing of ele- 
mentary physiology ebould form an essen- 
tial part of any organized course of in- 
struction in matters pertaining to domestic 
economy, is, that a knowledge of even the 
elements of this subject supplies th^e 
conceptions of the constitution and mode 
of action of the living body, and of the 
nature of health and disease, which pre- 
pare the mind to receive instruction from 
sanitary science. 

It is, I think, eminently desirable that 
the hygienist and the p'hysician should 
find something in the public mind to which 
they can appeal ; some little stock of uni- 
versally acknowledged truths, which may 
serve as a foundation for their warnings, 
and predispose toward an intelligent obe- 
dience to their recommendations. 

Listening to ordinary talk about health, 
disease, and death, one is often led to en- 
tertain a doubt whether the speakers be- 
lieve that the course of natural causation 
runs as smoothly in the human body as 
elsewhere. Indications are too often ob- 
vious of a strong, though perhaps an un- 
avowed and half unconscious, undercur- 
rent of opinion that the phenomena of life 
are not only widely different, in their su- 
perficial characters and in their practical 
importance, from other natural events, but 
that they do not follow in that definite 
order which characterizes the succession 
of all other occurrences, and the state- 
ment of which we call a law of nature. 

"Ki-^.A at Ihc Domemic Etonomy Cobricss. Bir- 



Hence. I think, arises the want of heart- 
iness ot belief in the value of knowleiige 
respecting the laws of health and disease, 
and of the foresight and care to wiiich 
knowledge is the essential preliminary, 
which is so often noticeable ; and a cor- 
responding laxity and carelessness in prac- 
tice, theresults of which are too frequently 
lamentable. 

It is said that among the many religiou 
sects of Russia, there is one which holds 
that all disease is brought about by the di- 
rect and special interference of the Deity, 
and which, therefore, looks with repug- 
nance, upon both preventive and curative 
measures as alike blasphemous interfer- 
ences with die will of God. Among our- 
selves, the "Peculiar People" are, I be- 
lieve, the only persons who hold the like 
doctrine in its integrity, and carry it o " 
with logical rigor. But many of us a . 
old enough to recollect that the adminis- 
tration of chloroform in assuagement of 
the pangs of childbirth was, at its intro- 
duction, strenuously resisted upon similar 
grounds. 

I am not sure that the feeling, of which 
the doctrine to which I have referred is 
the full expression, does not lie at the bot- 
tom of the minds of a great many people 
who yet would vigorously object to give 
a verba) assent to the doctrine itself. 
However this may be, the main point is 
that sufficient knowledge has now been 
acquired of vital phenomena, to justify the 
assertion, that the notion, that there is 
anything eitccptional about these phenom- 
ena, receives not a particle of support from 
any known fact. On the contrary, there 
is a vast and an increasing mass of evi- 
dence that birth and death, health and 
disease, are as much parts of the ordinsuy 
stream of events as the rising and setting' 
of the sun. or the changes of the raoour 
and that the living body is a mechanism, 
the proper workmg ol which we term 
health; its disturbance, disease; its stop- 
page, death. 

The activity of this mechanism is de- 
pendent upon many and complicated con- 
ditions, some of which are hopelessly be- 
yond our control, while others are readily 
accessible, and are capable of being in- 
definitely modified by our own actions. 
The business of the hygienist and of the 
physician is to know the range of these 
modifiable conditions, and how to influ- 
ence them toward the mainienance o/. 
health and the prolongation of life ; the 
business of the general public is to gi\-e 
an intelligent assent, and a ready obedi- 
ence based upon that assent, to the rules 
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■down for their guidance by such ex- 1 
p. But an intelligent assent is an as- 
tuGeiJ upon knoivledge, and ilie knoiyl- 
E which 18 here in question means an 
c with the elements of physi- 

)t difficult to acquire such knowl- 

Ul ihe physical sciences, is eminently 
pcteristic of physioiogy— the difficulty 
K subject t}ej;ins beyond the stage u( 
|entary knowledfft, and increases with 
y stage of progress. While the most 
TP trained and the best famished in- 
Jt may find all its resources insuffi- 
l, when it strives to reach the heights 
jenetratc into the deptiis of the prob- 
j of physiology, the elementary and 
Hsincnlal truths can be made clear to 

have any difficulty in com- 
tdkig the mechanism of CLrculation 
ipir^ion ; or the general mode of 
ition of the organ of vision ; though 

unraveling of all the minutis of these 
processes, may, for the present, baffle the 
oenioined attacks of the most aecom- 
pjishedphysicista, chemists, and mathema- 
liciians. To knpw the anatomy of the 
butwin body, with even an approximation 
to iboroughncss, is the work of a life ; 
' " s mucli as is needed for a sound 
irehension of elementary physioiogi- 

„_;hs. may be learned in a week. 
knowledge ofthe elements of physiol- 

JB not only easy of acquirement, but 

isy be made a real and practical ac- 
4{usiiicance with the facts, as far as it 
soes. The subject of study is always at 
nand, in oneself. The principal constit- 
uents of the skeleton, and the changes 
of form of contracting muscles, may be 
felt througii one's own skin. Tlie beat- 
ing of one's heart, and its connection with 
the pulse, may be noted ; the influence of 
the valves of one's own veins may be 
shown ; the movements of respiration may 
be observed ; while the wonderful phe- 
nomena of sensation afford an endless 
ijeldforcurious and interesting self-study. 
The prick of a needle will yield, in a drop 
t»r one's own blood, material for micro- 
scopic observation of phenomena which 
lie at the foundation of all biological con- 
ceptions ; and a cold, with its concomi- 
tant coughing anti sneezing, may proi'C 
the. sweet uses of adversity by helping one 
I.) a clijar conception of what is meant 

- ■ there is a limit to this physio- 
■ - :.v:amination. But there is so 

■ ■■ ! 'idiirity between ourselvej and 
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poor relations of the animal world, 
that our inaccessible inward parts may be 
supplemented by theirs, A comparative 
anatomist knows diat a sheep's heart and 
lungs, or eye, must not be confounded with 
those of a man ; but, so far as the com- 
prehension of the elementary facts of tlie 
physiology of circulation, of respiration, 
and of vision goes, the one furnishes the 
needful anatomical data as well as the 

Thus, it is quite possible to give instruc- 
tion in elementary physiology in such a 
manner as, not only to confer knowledge, 
which, for the reason f have mentioned, 
is useful in itself ; but to sen-e the pur- 
poses of a training in accurate observa- 
tion, and in the methods of reasoning of 
physical science. But that is an advan- 
tage which 1 mention only incidentally, as 
the present Conference does not deal 
with education in the ordinary sense of 

It will not be suspected that I wish to 
make physiologists of all the world. It 
would be as reasonable to accuse an ad- 
vocate of the " three R's " of* a desire to 
make an orator, an author, and a mathe- 
matician of everybody. A stumbling 
reader, a pot-hook writer, and an arithme- 
tician who has not got beyond the rule 
of three, is not a person of brilliant ac- 
quirements : but the diiTerence between 
such a member of society and one who 
can neither read, write, nor cipher is al- 
most inexpressible ; and no one now-a- 
daya doubts the value of instruction, even 
if it goes no farther. 

The saying tiiat a little knowledge is a 
dangerous thing is, to my mind, a very 
dangerous adage. If knowledge is real 
and genuine, I do not believe that it is 
other than a very valuable possession, 
however infinitesimal its quantity maybe. 
Indeed, if a little knowledge is danger- 
ous, where is the man who has so much 
as to be out of danger? 

H William Harvey's life-long labors 
had revealed to him a tenth part of that 
which may be made sound and real knowl- 
edge to our boys and girls, he would not 
only have been what he was, the great- 
est physiologist of his age, but he would 
have loomed upon the seventeenth cent- 
ury as a sort of intellectual portent. 
Our ■■ little knowledge " would have been 
to him a great, astounding, unlooked-for 
vision of scientific truth. 

1 really see no harm which can come of 
giving our children a little knowledge ol 
physiology. But then, as 1 havcsaid, the 
,„,.>_.. ^.; — ™..-. i,g fgai^ based upon ob- 
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servation, eked out by good explanatory 
(liagjams and models, and conveyed by a 
teacher whose own knowledge has been 
acquired by a study of the facia ; and 
not the iiierc eatcchismal parrot-work 
which too often usurps the place of ele- 
mentary teaching. 

It is. I hope, unnecessary (or me to give 
a formal contradiction to the silly hction. 
which is assiduously circulated by fanat- 
ics who not only ought to know, but do 
know, that their assertions are unlriie. 
that I have advocated the introduction of 
that experimental discipline which is ab- 
solutely indispensable to the professed 
physioWist, into elementary teaching. 

But while I should object to any experi- 
mentation which can justly be called pain- 
ful, for the purpose of elementary instruc- 
tion ; and. while, as a member of a late 
Royal Commission, I gladly did my best 
to prevent the infliction of needless pain, 
for any purpose : I think it is my duty to 
take this oppurtunicy of expressing my 
regret at a condition of the law which 
permits a boy to troll for pike, or set lines 
with live frog bait, for idie amusement ; 
and, at the same time, lays the teacher of 
that boy open to the penalty of fine and 
imprisonment, if he uses the same animal 
for the purpose of exhibiting one of the 
most beautiful and instructive of physio- 
logical spectacles, the circulation in the 
web of the foot. No one could undertake 
to affirm that a frog is not inconvenienced 
by being wrapped up in a wet rag, and 
having his toes tied out ; and it cannot be 
denied that inconvenience is a sort of pain. 
But you must not inflict the least pain on 
a vertebrated animal for scientific pur- 
poses (though you may do a good deal 
m that way for gain or for sport) without 
due license of the Secretary of State for 
the Home Department, granted under 
the authority of the Vivisection Act, 

So it comes about, that, in this present 
year of grace 1877, two persons maybe 
charged with cruelty to animals. One 
has impaled a frog, and suffered the 
creature to writhe about in that condition 
for hours ; the other has pained the ani- 
mal no more than one of us would be 
pained b)^ tyin^ strings round his fingers 
and keeping him in the position of a hy- 
dropathic patient. The first offender 
says, '■ I did it because I find fishing very 
amusing," and the magistrate bids him 
depart m peace ; nay, probably wishes 
him good sport. The second pleads, " I 
wanted to impress a scientific truth, with 
a distinctness attainable in no other way, 



on the minds of my scholars," and the 
magistrate fines him five pounds, 

1 cannot but think that this is an anom- 
alous and not wholly creditable state ol 



ON THE BOKDER TERRITORY BETWEEN 
THE ANIMAL AND THE VEGETABLE 
KINGDOMS.* 

In the whole history of science there is 
nothing more remarkable than the rapid- 
it)- of the growth of biological knowledge 
within the last haU-centurj;, and the ex- 
tent of the modification which has there- 
by been effected in some of tbe funda- 
mental conceptions of the naturalist. 

In the second edition of ihe"R&gne 
Animal," published in 1828, Cuvier de- 
votes a special section to the " Division 
of Oi^anized Beings into Animals and 
Vegetables." in which the question is 
treated with that comprehensiveness of 
knowledge and clear critical judgment 
which characterize his {vritings, and jus- 
tify us in regarding them as representative 
expressions of the most extensive, if noi 
the profoundest, knowledge of bis time. 
He tells us that living beings have been 
subdivided from the earliest times into 
animated bchtgs, which possess sense and 
motion, and inanimaled beitigs, whicli 
are devoid of these functions, and simply 
vegetate. 

Although the roots of plants direct 
themselves towartl moisture, and their 
leaves toward air and light,— although 
the parts of some plants exhibit oscillat- 
ing movements without any perceptible 
cause, and the Icai-es of others retract 
when touched,— yet none of these move- 
ments justify the ascription to plants of 
perception or of will. From the mobilit_y 
of animals, Cuvier, with his characteristic 
partiality for teleological reasoning, de- 
duces the necessity of the existence in 
them of an alimentary cavity, or reser^w 
of food, whence their nutrition may be 
drawn by the vessels which are a son 
of internal roots ; and. in the presence 
of this alimentary cavity, he naturally 
sees the primary and the most important 
distinction between animals and plants 

Following out his teleological srni- 
ment. Cuvier remarks that the organiza- 
tion of this cavity and its appurtenance^ 
must needs vary according to the nature. 
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Iie aliment, and the operati 
15 to undergo, before it can De con- 
ed into substances fitted for absorp- 
; while the atmosphere and the earth 

supply plants with juices ready prepared, 
atjd which can be absorbed imirediately. 
As the anima! body required to be inde- 
pendent of heat and of the atmosphere, 
there were no means by which the motion 
of its fluids could be produced by internal 
causes. Hence arose the second great 
distinctive character of animals, or the 
[ circulatory system, which is less import- 

ant than the digestive, since it was un- 
necessary, and therefore is absent, in the 

■nimals further needed muscles for 
imotion and nerves for sensibility. 
Ke, s&ys Cuvier, it was necessary that 
chemical composition of the animal 
[y should be more complicated than 
■[ of the plant : and it is so, inasmuch 
an additional substance, nitrogen. 
!rs into it as an essential element ; 
iMlile, in plants, nitrogen is only accident- 
ally joined with the three other funda- 
mental constituents of organic beings— 
earbon, hydrogen, and oxygen. Indeed, 
^~ aftenvard affirms that nitrogen is 
uHar to animals ; and herein he places 
third distinction between the animal 
the plant. The soil and the atmos- 
__-e supply plants with water, composed 
'liytlrogen and oxygen ; air, consisting 
nitrogen and oxygen; and carbonic 
_.3. containing carbon ar«i oxygen. 
'They retain the hydrogen and the carbon, 
exhale the superfluous oxygen, and absorb 
liltic or no nitrogen. The essential char- 
acter of vegetable life is the exhalation of 
oxygen, which is effected through the 
agency of light. Animals, on the con- 
trary, derive their nourishment either 
directly or indirectly from plants. They 
"" ' rid of the superfluous hydrogen and 
Iwn, and accumulate nitrogen. The 
idoDS oE plants and animals Co the 
sphere are therefore inverse. The 
withdraws water and carbonic acid 
the atmosphere, the animal contrib- 
'■ ■' toil. Respiration— that is, the 
1 of oxygen and the exhalation 

ic acid — is the specially animal 

ion of animals, and constitutes their 

distinctive character. 

IS wrote Cuvier in 1828. But, in 

fourth and fifth decades of this cent- 

the greatest and most rapid revolu- 

which biological science has evei 

gone was effected by the application 

modern microscope to the ic 

of organic structure ; by the 



duction of exact and easily manageable 
methodsof conducting the chemical analy- 
sis of organic [■ompounds ; and finally. 
by the employment of instruments of 
precision for the measurement of the 
physical forces which are at work in the 
living economy. 
That the semi-fluid contents (which wc 
w term protoplasm) of the cells of cer- 
n plants, siith as the Chara, are in 
nsiant and regular motion, was made 
t by Bonaventura Corti a century ago ; 
but the fact, important as it was, fell into 
oblivion, and had to be re-discovered by 
Treviranus in i B07. Robert Brown noted 
the more complex motions of the proto- 
plasm in the cells of Tradtscantia in 
1831 ; and now such movements of the 
living substance of plants are well known 
to be some of the most widely-prevalent 
phenomena of vegetable life, 

Agardh. and other of the botanists of 
Cuvier's generation, who occupied them- 
selves witn the lower plants, had observed 
that, under particular circumstances, the 
contents of the cells of certain water- 
weeds were set free, and moved about 
with considerable velocity, and with all 
the appearances of spontaneity, as loco- 
motive bodies, which, from their similar- 
ity to animals of simple organization, 
were called " zoospores." Even as late 
as 1 845. however, a botanist of Schleiden's 
eminence dealt very sceptically with these 
statements ; and his scepticism wss the 
more justified, since Ehrenberg. in his 
elaborate and comprehensive work on the 
Infusoria, had declared the greater num- 
ber of what are now recognized as loco- 
motive plants to be animals. 

At the present day. innumerable plants 
and free plant cells are known to pass the 
whole or part of their lives in an actively 
locomotive condition, in no wise distin- 
guishable from that of one of the simpler 
animals ; and, while in this condition, 
their movements are, to ail appearance, 
as spontaneous— as much the product of 
volition — as those of such animals. 

Hence the teleological argument for 
Cuvier's first diagnostic character — the 
presence in animals of an alimentary cav- 
ity, or Internal pocket, in which ihcy can 
carry about their nutriment— has broken 
down, so far. at least, as his mode of 
stating it goes. And, with the advance 
of microscopic anatomy, the universality 
of the fact itself among animals has 
ceased to be predicable. Many animals 
of even complex structure, Whicii live 
paras itically within others, are wholly de- 
void of an alimentary cavity. Their food 
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provided for them, not only ready 
cooked, but ready digested, and the ali- 
rnetiiary canal, liecome superfluous, has 
disappeared. Again, the males of most 
Koiitcrs have no digestive apparatus ; as 
a German naturalist has remarked, they 
devote themselves entirely to the " Min- 
oedienst," aiid are to be reckoned among 
the few realizations a! the Byronic ideal 
of a lover. Finally, amidst the lowest 
forms of animal life, the speck of gelati- 
nous protoplasm, which constitutes the 
whole body, has no permanent digestive 
cavity or mouth, but lakes in its food 
anywhere l and digests, so to speak, all 

Hut although Cuvier's leading diagno- 
sis of the animal from the plant will not 
Stand a strict test, it remains one of the 
most constant of the distinctive characters 
of animals. And, if we substitute for the 
possession of an alimentary cavity, the 
power of taking solid nutriment into the 
body and their digesting it. the definition 
so changed will cover all animals, except 
certain parasites, and the few and excep- 
tional cases of non-parasitic animals which 
do not feed at all. On the other hand, 
the definition thus amended will exclude 
al! ordinary vegetable organisms. 

Cuvier himself practically gives up his 
second distinctive mark when he admits 
that it is wanting in the simpler animals. 

The lliird distinction is based on a 
completelj' erroneous conception of the 
chemical differences and resemblances 
between the constituents of animal and 
vegetable organisms, (or which Cuvier is 
not responsible, as it was current among 
contemporary chemists. It is now es- 
tablished that nitrogen is as essential a 
constituent of vegetable as of animal liv- 
ing matter ; and that the latter is, chem- 
ically speaking, just as complicated as the 
former. Starchy substances, cellulose and 
sugar, once supposed to be exclusively 
confined to plants, are now known to be 
regular and normal products of animals. 
Amylaceous and saccharine substances 
are largely manufactured, even by the 
highest animals ; cellulose is widespread 
as a constituent of the skeletons of the 
lower animals ; and it is probable that 
amyloid substances are universally present 
in me animal organism, though not in the 
precise form of starch. 

Moreover, although it remains true that 
there is an inverse relation between the 
preen plant in sunshine and the animal, 
in so far as, under these circumstances, 
the green plant decomposes carbonic acid 
and exhales oxygen, while the animal 



absorbs oxygen and exhales carbonic add ; 
yet, the exact investigations of the mod- 
ern chemical investigators of the physio- 
logical processes of plants have clearly 
demonstrated the fallacy of attempting to 
draw any general distinction between ani- 
mals and vegetables on this ^ound. In 
fact, the difference vanishes with the sun- 
shine, even in the case of the green plant : 
which, in the dark, absorbs oxygen and 
gives out carbonic acid like any aoi- 
mal.* On the other hand, those plants, 
such as tiie fungi, which contain no citlo- 
rophyll and are not green, are always. 50 
far as respiration Ls concerned, in the 
exact position of animals. They absorii 
Dx>'gen and give out carbonic acid, 

Thus, by the progress of kntiwlcdgf, 
Livier'a fourth, distinction between the 
umal and the plant has been as com- 
pletely invalidated as the third andsecond; 
id even the first can be retained only in 
modified form and subject to excepiioos. 
But has the advance of biology simply 
tended to break down old distmctiuna, 
wiittout establishing new ones ? 

With a qualification, to be considered 
presently, the answer to this question » 
undoubtedly in the affirmative. The fa- 
s researches of Schwann and Scblei- 
in 1837 and the following years, 
founded the modem science of hi'itology, 
or that branch of anatomy which dt^s 
with the ultimate visible structure of or- 
ganisms, as revealed by the microscope; 
and, from that day id this, the rapid im- 
provement of methods of investigation, 
and the energy of a host of accurate ob- 
servers, have given greater and greater 
breadth and firmness to Schw. n I's great 
generalization, that a fundameiilal unity 
of structure obtains in animals and 
plants ; and that, however diverse row 
be the fabrics, or tissues, of which their 
bodies are composed, all these varied 
structures result from the metamorpbosEB 
of morphological units (termed ceils, in a 
more getier^ sense than that in which the 
word ■' cells " was at first employed), 
which are not only similar in animals and 
in plants respectively, but present a close 
resemblance, when those of animals and 
those of plants are compared together. 

The contractility which is the funda- 
mental condition of locomotion, has not 
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only lieen discovered to wist far more 
widely amony plants than was formerly 



) be accompa- 




has been found t 
Ur, Burdon Sandi 
investigations have shown, by a dis- 
__Jancc of the electrical slate of the 
^ntractile subsiance, comparable to that 
which was found by Du Bois Reymond 
10 be a concomitant o( the activity of or- 
dinary muscle in animals. 

Again. I know of no test by which the 
■cttnn of the leaves of the Sundew and 
t-Dther plants to stimuli, so fully and 
TOfulljr studied by Mr. Darwin, can be 
%insuished from those acts of contrac- 
I following upon stimuli, which are 
■ "refiex" in animals. 
each lobe of the bilobed leaf of Vc- 
i (ly trap {Dionaa miiscipula) are 
three delicate filaments which stand out 
at riglit angle from the surface of the 
leaf. Touch one of them with the end of 
*& fine human hair and the iobcs of the 
nsiantly close together* in virtue of 
' ■ raciion of part of their sub- 
as the body of a snail cen- 
ts shell when one of its 
__ . Titated. 

The reflex action of the snail is the re- 
sult of the presence of a nen'ous sj'Stem 
in the animal. A molecular change takes 
place in the nerve of the tentacle, is prop- 
agated to the muscles by which the 
body is retracted, and causing them to 
contract, the act of retraction ts brought 
about. Of course the similarity of the 
acts does not necessarily involve the con- 
clusion that the mechanism by which they 
_ arc effected is the same : but it suggests 
ittii^icion of their identity which needs 
eful testing. • 

^ c results of recent inquiries into the 
tare of the nervous system of ani- 
I converge toward the conclusion 
he nerve fibers, which we have 
o regarded as ultimate elements of 
IS tissue, are not such, but are 
fcly the visible aggregations of vastly 
.-.-te attenuated filaments, the diameter 
''fl( which dwindles down to the limits of 
r present microscopic vision, greatly as 
ihese have been extended by modern im- 
provements of the microscope ; and that 
- "-rve is. in its essence, nothing but a 
r tract o( specially modified proto- 
plasm between two points of an organ- 
— one of which is able to affect the 
T by means of the communication so 
piblished. Hence, it is conceivable that 

u Plaoii," p. J1S9. 



even the simplest living being may pos- 
sess anervouB sy.item. And the question 
wh.ether plants are provided with a nerv- 
ous system or not, thus acquires a new 
aspect, and presents the histologist and 
physiologist jAJth a problem of extreme 
ditficuity, which must be attacked from a 
new point of view and by the aid of 
methods which have yet to be invented. 

Thus it must be admitted that plants 
may be contractile and locomotive ; that, 
while locomotive, their nioi-enients may 
have as much appearance of spontaneity 
as those of the lowest animals ; and that 
many exhibit actions, comparable to those 
which are brought about by the agency 
of a nervous system in animals. And it 
must be allowed to be possible that fur- 
ther research may reveal the e.xistence of 
something comparable to a nen'ous sys- 
tem in plants. So that 1 know not where 
we can hope to find any absolute dis- 
tinction between animals and plants, un- 
less we return to their mode of nutrition, 
and inquire whether certain differences 
of a more occult character than those im- 
agined to exist by Cuvier, and which hold 
good for the vast majority of animals 
and plants, are of universal application. 

A bean may be supplied with water in 
wliich salts of ammonia and certain other 
mineral salts are dissolved in due propor- 
tion : with atmosplieric air containing ita 
ordinary minute dose of carbonic acidj 
and with nothing else but sunlight and 
heat. Under these circumstances, un- 
natural as they are, with proper manage- 
ment, the bean will thrust forth its radi- 
cle and its plumule: the former will grow 
down into roots, the latter grow up into 
the stem and leaves, of a vigorous bean 
plant: and this plant will, in due time, 
flower and produce its crop of beans, just 
as if it were grown in the garden or in 
the field. 

The weight of the nitrogenous protein 
compounds, of the oily, starchy, saccha- 
rine and woody substances contained in 
the fulI-groH'n plant and its seeds, will be 
vastly greater than the weight of the 
same substances contained in the bean 
from which it sprang. But nothing has 
been supplied to the bean save water, 
carbonic acid, ammonia, potash, lime, 
iron, and the like, in combinatiofl with 
phosphoric, sulphuric, and other adtk. 
Neither protein, nor fat, nor starch, nrr 
sugar, nor any substance in the slightest 
degree resembling them, has formed part 
of the food of the bean. But the weights 
of the carbon, hydrogen, oxygen, nitro- 
gen, phosphorus, sulphur, and otiicr cle- 
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mentary bodies contained in the bean- 
plant, and in the seeds which it produces, 
arc exactly equivalent lo the weights of 
the same elements which have disappeared 
from the materials supplied to the bean 
during its growth. Whence it follows 
that the bean has taken in onl>- the raw 
materials of its fabric, and has manufact- 
ured them irito bean stuffs. 

The bean has been able lo perform 
this great chemical feat by the help of its 
green coloring matter, or chlorophyll ; 
lor it is only the green parts of the plant 
which, under the influence of sunlight. 
have the marvelous power of decompos- 
ing carbonic acid, setting free the oxygen 
and laying hold of the carbon which it 
contains. In fact, the bean obtains two 
of the absolutely indispensable elements 
of its substance from two distinct sources ; 
the watery solution, in which its roots are 
plunged, contains nitrogen but no carbon ; 
the air, to which the leaves are exposed, 
contains carbon, but its nitrogen is in the 
state of a free gas, in which condition the 
bean can make no use of it ; * and the 
chlorophyll t is the apparatus by which 
the carbon is extracted from the atmos- 
pheric carbonic acid— the leaves being the 
chief laboratories in which this operation 
is effected. 

The great majority of conspicuous 
plants are. as everybody knows, green ; 
and this arises from the abundance of 
their chlorophyll. The few which com 
no chlorophyll and are colorless, are 
able to extract the carbon which they 
quire from atmospheric carbonic acid, and 
lead a parasitic existence upon other 
plants ; but it by no means follows, often 
as the statement has been repeated, that 
the manufacturing power of plants de- 
pends on their chlorophyll, and its inter- 
action with the rays of the sun. On the 
contrary, it is easily demonstrated, 
Pasteur first proved, that the lowest fungi, 
devoid of chlorophyll, or of any substitute 
for it, as they arc, nevertheless possess 
the characteristic manufacturing powers 
of plants in a very high degree. Only it 
is necessary that they should be supplied 
with a different kind of raw material ; as 
they cannot extract carbon from carbonic 
acid, Ihey must be furnished with s{ 
thing else that contains carbon. Tartaric 
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acid is such a substance ; and if a single 
spore of the commonest and most trouble- 
some of molds — PenicHlium — be sown 
in a saucerful of water, in which tartrate 
of ammonia, with a small percentage of 
phosphates and sulphates is contained. 
and kept warm whether in the dark or ex- 
posed to light, it will, in a short time, give 
-'-e to a thick crust of mold, which con- 
ns many million times the weight of the 
iginal spore, in protein compounds and 
cellulose. Thus we have a very wide ba- 
of fact for the generalization that 
plants are essentially characterized by their 
manufacturing capacity — by their power 
of working up mere mmeral matters into 
implex organic com pounds. 
Contrariwise, there is a no less wide 
foundation for the generalization that 
imals, as Cuvierputs it, depend directly 
indirectly upon plants for the materials 
of their bodies ; that is, either they are 
herbivorous, or they eat other animals 
which are herbivorous. 
But for what constituents of their bod- 
i are animals thus dependent upon 
plants? Certainly not for their homy 
matter; nor for chondrin. the proximate 
chemical element of cartilage ; nor for 
gelatine ; nor for syntonin, the constit- 
uent of muscle ; por for their nervous or 
biliary substances ; nor (or their amyloid 
necessarily, for their fats. 



selves. But that which they cannot make, 
but must, in all known cases, obtain di- 
rectly or indirectly from plants, is the 
peculiar nitrogenous matter, protein. 
Thus the plant is the ideal proUtairf ot 
the living world, the worker who pro- 
duces ; the animal, the ideal aristocrat, 
who mostly occupies himself in consum- 
ing, after the manner of that noble rep- 
resentative of the line of Zahdarra, whose 
epitaph is written in Sartor Resartus, 

Here is our last hope of tinding a sharp 
line of demarkation between plants and 
animals : for, as I have already hinted, 
there is a border territory between the two 
kingdoms, a son of no-man's-land, ttie 
inhabitants of which certainly cannot be 
discriminated and brought to their proper 
allegiances in any other way. 

Some months ago, Professor Tyndall 
asked me to examine a drop of infusion 
of hay, placed under an excellent and 
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powerful microscope, 
what I thought some organisms visible in 
it were. 1 looked and observed, in the 
first place, multitudes of Bacteria mov- 
ing about with their ordinary intermittent 




AND OTHER ESSAYS. 



1 P"^' 

I Muff. 

m 



■■lenio 
I watcti 



imodif wriffgles. As to the vegeta- 
lature of these there is now no doubt, 
only does the close resemblance of 
Bacteria to unquestionHble plants, 
I a£ the Oscillatoria. and lower forms 
'ungi, justify this conclusioD, but the 
lufacturing test settles the question at 
;. It is only needful to add a minute 
ilTop of fluid containing Bacteria, to 
water in which tartrate, phosphate, and 
sulphate of ammonia are dissolved ; and. in 
a very short space of time, the clear fluid 
t>ecomes milky by reason of their prodig- 
multipHcation, which, of course, im- 
Ihc manufacture of living Baclerium- 
of these merely saline matters. 
iQt other active organisms, very much 
than the Bacteria, attaining in 
the comparatively gigantic dimen- 
t one-three thousandths of an inch 
;. incessantly crossed the field of 
.... Each of these had a body shaped 
like a pear, ihe small end being slightly 
incurved and produced into a long cun'ed 
filament, or cilium, of extreme tenuity. 
Behind this, from Ihe concave side of 
the incurvation, proceeded another long 
delicate as to be discernible 
r4iily by the use of the highest powers and 

-if ul management oE the light. In the 

cr of the pear-shaped body a clear 
id space could occasionally be dis- 
led, but not always ; and carefu! 
watching showed that this clear vacuity 
appeared gradually, and then shut up and 
disappeared suddenly, at regular intervals. 

ing the lowest plants and animals, 

'- known as a conlractiU vacuole. 

little creature thus described some- 

pj-ojJeHed itself with great activity, 

_ .1 curious rolling motion, bv the lash- 

'of the front cilium. while the second 

trailed behind ; sometimes it an- 

itseif by the binder cilium and was 

round by the working of the other, 

otions resembling those of an anchor 

buoy in a heaw sea. Sometimes, when 

two were in full career toward one an- 

" it, each would ajipear dexterously to 

out of the other's way; sometimes a 

'd would assemble and jostle one an- 

', with as much semblance of indi- 

il effort as a spectator on the Grands 

19 might observe with a telescope 

ig the .ipecks representing men in the 

__./ of Chamounix. 

rTnSe spectacle, though always surpris- 

ng, was not new to me. So my reply to 

the qucMion put to me was. that these 

organisms were what biologists call Mo- 

\ds, and though they might be animals. 




it was also possible that they might, like 
the Bacteria, be plants. My friend re- 
ceived ray verdict with an expression 
which showed a sad want of respect tw 
authority, lie would as soon believe that 
a sheep was a plant. Naturally piqued 
by this want of faith. I have thought a 
good deal over the matter; and as [ still 
rest in the lame conclusion I originally 
expressed, and must even now confess 
that I cannot certainly say whether this 
creature is an animal or a plant, f think it 
may be well to state the grounds of my 
hesitation at length. But in the first 
place, in order that 1 may conveniently 
distinguish this '■ Monad " from the mul- 
titude of other things which go by the 
same designation, 1 must give it a name 
of its own. I think {though (or reasons 
which need not be stated at present, I am 
not quite sure) that it is identical with the 
species Monas lens, as defined by the 
eminent French microscopist Dujardin, 
though his magnifying power was proba- 
bly insufficient to enable him to see that it 
is curiously like a much larger form of 
monad which he has named Heleromita, 
I shall, therelore, call it not Monas, but 
Heteromita tens. 

I have been unable to devote to my 
Heteromita the prolonged study needful 
to work out its whole history, which would 
invok-e weeks, or ft may be months, of 
unremitting attention. But I the less re- 
gret this circumstance, as some remark- 
able observations recently published by 
Messrs. Dal linger and Urysdale* oncer- 
tain Monads, relate, in part, to a form so 
similar to my Heteromita lens, that the his- 
tory of the one may be used to illustrate 
that of the other. These most patient and 
painstaking observers, who employed the 
highest attainable powers of the micro- 
scope and, relieving one another, kept 
watch day and night over the same indi- 
vidual monads, have been enabled to trace 
out the whole history of their Heleromita ; 
which they found in infusions of the heads 
of fishes of the Cod tribe. 

Of the four monads described and fig- 
ured by these investigators, one, as I have 
said, very closely resembles Heteromita 
lens in every particular, except that it lias 
a separately distinguishable central par- 
ticle or " nucleus." which is not certainly 
to be made out in Heterpmita lens: and 
that nothing is said by Messrs. DalJinger 
and Drysdale of the e 
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traclilc vacuole in ihis monad, though 
they describe ir in another. 

Tlieir Hiteriiinitii, however, tnuliiplied 
rapidly by fission. Somclimes a trans- 
verse consiriijtion appeared . the hinder 
half developed a new ciliam, and the 
hinder riliuui ^radualiy split from its base 
to Its free end, until it was divided into 
two; a profess wh;eii, considering the 
fact that this line ti lament camiot be much 
morcthanDne-onehundredthousandthsof 
Sin inch In diameter, is wonderful enough. 
Tbe constriction ol the body extended in- 
ward until tlie two portions were united 
by a narrow isthmus : finally, they sepa- 
rated and each swam awa^ by itself, a 
complete Htieromila, provided with its 
two cilia. Sometimes the constriction 
took a longitudinal direction, with the 
same ultimate result. In each case the 
process occupied not more ttian six or 
seven minutes. At this rate, a single 
Heteromita would give rise to a thousand 
like itself in the course of an hour, Ko 
about a million in two hours, and to a 
number greater than the generally as- 
sumed number of human beings now liv- 
ing in the world in three hours ; or, if we 
give each Heteromita an hour's enjoy- 
nent of individual existence, the same re- 
sult will be obtained in about a day. 
The apparent suddenness of the appear- 
ance of multitudes of such organism-s as 
these, in any nutritive fiuid to which one 
obtains access, is thus easily explained. 

puring these processes of multiplica- 
tion by fission, the Heteromita remains 
active ; but sometimes another mode of 
fission occurs. The body becomes round- 
ed and quiescent, or nearly so ; and. while 
in this resting state, divides into two por- 
tions, each of which is rapidly converted 
into an active Heteromita. 

A stilt more remarkable phenomenon is 
that idnd of multiplication which is pre- 
ceded by the union of two monads, by a 
process which is termed conjugation. 
Two active Heteromita become applied 
to one another, and then slowly and 
gradually coalesce into one body. The 
two nuclei run into one : and the mass 
resulting from the conjugation of the two 
Heteromita. thus fused together, has a 
triangular form. The two pairs of cilia 
are to be seen, for some time, at two of 
die angles, which answer to the small ends 
o( the conjoined monads; but they ulti- 
mately vanish, and the twin organism, in 
which all visible traces of organization 
have disappeared, falls into a state of rest. 
Sudden wave-like movements of its sub- 
stance next occur ; and, in a short time, 



the apices of the triangular mass burst, 
and give exit to a dense yellowish, glairy 
fluid, tilled with minute granuies. This 
process, which, it will be observed, in- 
volves the actual confluence and mixture 
of the substance of two distinct organ- 
. is effected in the space of about two 

The authors whom I quote say that 
they " cannot express " the excessive mi- 
nuteness of the granules in question, and 
they estimate their diameter at less than 
one-two hundred thousandths of an inch. 
Under the highest powers of the micro- 
scope at present applicable such specks 
are hardly discernible. Nevertheless, par- 
ticles of this size are massive when com- 
pared to physical molecules ; whence 
there is no reason to doubt that each, 
small as it is, may have a molecular struct- 
sufficiently complex to give rise to the 

ghenomena of life. And. as a matter of 
iCt. by patient watching of the place 61. 
which these infinitesimal living particles 
were discharged, our observers assured 
themselves of^ their growth and develop- 
ment into new monads. These, in about 
four hours from their being set free, had 
attained a sixth of the length of tlit 
parent, with the characteristic cilia, though 
-■ first they were quite motionless ; and< 

four hours more, they had attained the 
dimensions and exhibited all the activity 
of the adult. These inconceivably minute 
particles arc therefore the germs ol the 
Heteromita ; and from the dimensions of 
these germs it is easily shown that the 
body formed by conjugation may, at a low 
estimate, have given exit to thirty thou- 
sand of them ; a result of a matrimonial 
process whereby the contracting parties, 
without a metaphor, " become one flesh." 
enough to make a Malthusian despair of 
the future of the Universe. 

I am not aware that the investigators 
from whom I have borrowed this history 
have endeavored to ascertain whether 
their monads take solid nutriment or not ; 
so that though they help us very much to 
fill up the blanks in the history of my 
Heteromita, their observations throw no 
light on the problem we are trying to 
solve — Is it an animal or is it a plant? 

Undoubtedly it is possible to bring for- 
ward very strong arguments in favor at 
regarding Heteromita as a plant. 

For example, there is a Fungus, an ob- 
scure and almost microscopic mold, 
termed Perotiospora infestans. Like 
many other Fungi, the Peronosfiora are 
parasitic upon other plants ; and this par- 
ticular Peronospora happens to have at- 
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allied much notoriety and political im- 
portance, in a way not wiLhuut a para!l!?l 
in the career of notorious politicians, 
namely, by reason of the frightful mis- 
chief It has done to mankind. For it is 
this Funi^us which is the cause of the po- 
tato disease; and, therefore, Peronospora 
itifeslans (doubtless of exclusively Saxon 
origin, tiiough not accurately known to be 
bo) brought about the Irish famine. The 
plants alfiictcti with the malady are found 
to be Infested by a mold, consisting of 
fine tubular filaments, termed hypha, 
which burrow through the substance of 
the potato plant, and appropriate to them- 
selves the substance of their host : while, 
at the same time, directly or Indirectly, 
they set up chemical changes by which 
even its woody framework becomes black- 
ened, sodden, and withered. 

In structure, however, the Ptronoipora 
in as much a mold as the common Pen- 
icittium; and just as the PeniciUium 
multiplies by tlie breakingup of itshyphs 
into separate rounded bodies, the spores ; 
so. io the Peronospora, certain of the 
hyph^e grow out into the air through the 
interstices of the superficial cells of the 
poCatg plant, and develop spores. Each 
of Uiese hyphi usually gives off several 
branches. The ends of the branches di- 
late and become closed sacs, which event- 
ually drop off as spores. The spores 
Tailing on some part of the same potato 
plant, or carried by the wind to another, 
may at once germinate, throwing out tu- 
bular prolong;ations which become hyphs. 
and burrow into the substance of the plant 
attacked. But, more commonly, the con- 
tents of the spore divide into six or eight 
separate portions. The coat of the spore 
gives way, and each portion then emerges 
as an independent organism, which has 
the shape of a bean, rather 
one entl than the other, coi 
aide, and depressed 
apposite. From the depression, two long 
and delicate cilia proceed, one shorter 
than the other, and directed forward. 
Close 10 the origin o£ these cilia, in the 
substance of the body, Is a regularly pul- 
sating, contractile vacuole. The shorter 
dltum vibrates actively, and effects the 
locomotion of the organism, while the 
other trails behind; the whole body roll- 
ing on its axis with its pointed end for- 
ward. 

The eminent botanist, De Bary. who 
>C thinking of our problem, tells us, 
in describing the movements of these 
"Zoospores." that, as they swim about. 
" — 1 b;jdies are carefully avoided, 
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and the whole movement has a deceptive 
likeness to the voluntary changes of place 
which are observed in microscopic ani- 

After swarming about in this way in 
the moisture on the surface of a leaf or 
stem (which, film though it may be. is an 
ocean to such a fish] for h:ilf an hour, 
more or less, the movement of the zoo- 
spore becomes sIoA'er. and is limited to a 
slow turning upon its axis, without change 
of place. It then becomes quite quiet, 
the cilia dis^)pear, it assumes a spherical 
form, and surrounds itself with a distinct, 
though delicate, membranous coat. A 
protuberance then grows out from one 
side of the sphere, and rapidly increasing 
in length, assumes the character of a 
hypha. The latter penetrates into tlic 
substance of the potato plant, either by 
entering a stomate, or by boring through 
the wall of an epidermic cell and ramifies, 
mycelium, in the substance of the 
plant, destroying the tissues with which 
It comes in contact, As these processes 
of multiplication take place very rapidly, 
millions of spores are soon set free from a 
wngle infested plant : and. from their ml - 
nuteness, they are readily transported by 
the gentlest breeze. Since, again, the 
joospores set free from each spore, in 
' tue of their powers of locomotion, 

■ifily disperse tiiemsclves ot'er the sur- 

:e, it is no wonder that the infection. 

ce started, soon spreads from litld to 
field, and extends its ravages over a whole 

owever, it does not enter into my 
present plan to treat of the potato disease, 
instructively as its history bears upon 
that cif other epidemics; and t have se- 
le ' ■ i ttiir case of the Peronosfiora sim- 
pl.' I' mse it affords an example of an 
orgjnism, which, in one stage of its exist- 
ence, is truly a '■ Monad." indistinguisha- 
ble by any important character from our 
HeUromita, and extraordinarily like it in 
some respects. And yet this " Monad " 
can be traced, step by step, through the 
series of metamorphoses which I have 
described, until it assumes the features 
of an organism, which is as much a plant 









Moreover, it would be possible to pur- 
sue the analogy farther. Under certain 
circumstances, a process of conjugation 
takes plice in the Pfronoipora. Two 
separate portions of iisprntoplasm become 
fused together, surround themselves with 
a thick coat, and give rise to a sort of 
vegetable egg called an oospore. After a 
period of rest, the contents of the oospore 
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break up inloa number of ionsporcs like 
those alreadi' described, each of whicli, 
aftrra period of activity, germinates in the 
ordinary way. This process obviuusly cor- 
msponds with the conjugation and subse- 
quent SEtting tree of germs in the Helero- 

Jiut it may be said that the /"^z-onardora 
is. after all. a questionable sort of plant ; 
that it seems to be wanting in the manu- 
facturing power, selected as the main dis- 
tinctive character of vegetable life ; or, at 
any rate, that there is no proof that it does 
not get its protein matter ready made from 
the potato plant. 

Let us, therefore, take a case which is 
not open to these objections. 

There are some small plants known to 
botanists as members of the genus Celeo- 
ekati. which, without being truly para- 
sitic, grow upon certain water-weeds, as 
lichens grow upon trees. The little plant 
has the form of an elegant green star, the 
branching arms of which are divided into 
cells. Its greenness is due to its chloro- 
phyll, and it undoubtedly has ihe manu- 
facturing power in full degree, decompos- 
ing carbonic acid and setting oxygen 
free, under the influence of sutilight. 
But the protoplasmic contents of some 
of the cells of which the plant is made up 
occasionally divide, by a method similar 
to that which effects the division of the 
contents of the Peronespora spore ; and 
the severed portions are then set free as 
active monad-like zoospores. Each Is 
oval and Is provided at one extremity 
with two long active cilia. Propelled by 
these, it swims about for a longer or 
shorter time, but at length comes to a 
state of rest and gradually grows into a 
Coieoch^te. Moreover, as in the Peron- 
mpora, conjugation may take place and 
result in an oospore ; the contents of 
which divide and are set free as monadi- 
form germs. 

If the whole history of the zoospores 
of Perofiosfiora and of Coleochatc were 
unknown, they would undoubtedly be 
classed among " Monads " with the same 
right as Heteroinita ; why then may not 
Hetsromiia be a plant, even though the 
cycle of forms through which it passes 
shows no terms quite so complex as those 
which occur in Peronosfipra and Caleo- 
tkatef And, in fact, there are some 
green organisms, in every respect charac- 
teristically plants, such a^ Chlamydome- 
nas, and the common Volvax, orso-called 
"Globe animalcule." which run through 
a cycle of forms of just the same simple 
character as those of Heteromilu. 



Then 



me of C/l/n/«)'rfi'j«o««jisappfied 
microscopic green bodies, each 
of which consists ol a protoplasmic o 
tral substance invested by a structureless 
sac. The latter contains cellulose, as in 
ordinary plants : and the chlorophyll which 
gives the green color enables the Chlamy- 
domonasXo decompose carbonic ai.'id and 
fix carbon as they do. Two long cilia 
protrude through the cell-wall, and effect 
the rapid locomotion of this ■' monad," 
which, in all respects except its mobility, 
is characteristically a plant. Under or- 
dinary circumstances, the C/i/ajiiytlomO' 
«Ojmultiplies by simple tissioii, each split- 
ting into two or into four |jarts, which 
separate and become independent oi^an- 
isms. Sometimes, however, the Cklamy- 
domonas divides into eight parts, each of 
which is provided with four instead of two 
cilia. These " zoospores " conjugate in 
pairs, and give rise to quiescent bodies, 
which multiply by division, and eventu- 
ally pass into the active slate. 

Thus, so far as outward form and the 
general character of the cycle of modifica- 
tions, through which the organism passes 
in the course of its life, are concerned, 
the resemblance between Cklamydonuy' 
nas and Helfromita is of the closest de- 
scription. And on the face of the matter 
there is no ground for refusing to admit 
that Hetermnila may be related to CTii/d- 
mydomonas. as the colorless fungus is to 
the green alga. Volv»x may be com- 
pared to a liollow sphere, the wall of 
which is made up of coherent Chlamydo- 
monads; and which progresses with a ro- 
tating motion effected by the paddling ol 
the multitudinous pairs of cilia which pro- 
ject from its surface. Each Vatwr-iaan- 
ad, moreover, possesses a red pigment 
spot, like the simplest form of eye known 
among animals. The methods of lissive 
multiplication and of conjugation observed 
in the monads of this locomotive globe 
are essentially similar to those observed 
in Chlainydomonas ; and, though a hard 
battle has been fought over it, fflft/aris 
now finally surrendered to the Botanists, 

Thus there is really no reason why 
Hfieromita may not be a plant: and this 
conclusion would be very satisfactory, if 
it were not equallj? easy to showthat there 
is really no reason why it should not be 
an animal. For there are numerous or- 
ganisms presenting the closest resem- 
blance to Heieromita, and, like it. grouped 
under the general name of ■■ Monads," 
which, nevertheless, can be observed to 
take in solid nutriment, and which, there- 
lore, have a virtual, if not an actual, mouth 
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and digestive cavity, and thus come under 
Cuvier'a definiiidn of an aniraai. Nunier- 
ins (orrns <if such animals have been de- 
d by Ehrenberg, Dnjardin, H. James 
:, and other writers on the I/ifusoria. 
1, in another infusion of hay m which 
__jf Hetiromita tens occurred, there were 
inniin^erable infusorial animalcules be- 
longing to the well-known species Coi- 
peda cuciil/us.* 

Full-sized specimens of this animalcule 
attain a length of between one-three hun- 
dredths or one-four hundreths of an inch, 
so that it may have ten times the length 
and a thousand times the mass of a 
Vt/tromi/a. In shape, it is not altogether 
" c HeUromita. The small end, how- 
is not produced into one long cilium, 
it ihe general surface of the budy is cov- 
■"d with small actively inbraling ciliary 
, which are only longest at the 
U end. At the point which answers 
lat from which the two cilia larise in 
WiteromHa, there is a conical depression, 
the mouth : and, in young sperimens, a 
tapering lilament, which reminds one of 
the posterior cilium of Hclcromita, pro- 
iects from this region. 
~^The body consists of a soft granular 
^"Xoplasmic substance, the middle of 
itch is occupied by a large oval mass 
Jfcdthc " nucleus : ' while, at its hinder 
iltiis'a "contractile vacuole," conspicu- 
i- by its regular rhythmic appearances 
Idisappearances. Obviously, although 
t Colpada is not a monad, it differs 
mly in subordinate details, 
jnder certain conditions, it 
mes quiescent, incloses itself in a 
' case or cysf. and then divides 
I, four, or more portions, which 
jB tvenluallv set free and swim about as 
JSve Colfiotia. 

I^ut thts creature is an unmistakable 

" mal. and full-sized Colpoiiit may be 

lea as easily as one feeds chickens. It 

is only needful to diffuse very finely ground 

carmine through the water in which they 

live, and, in a very short time, the bodies 

I the Colpoda: are stuffed with the 

' Iply-colored granules of the pigment. 

^d i( this were not sufficient evidence 

Jk animality of Colpoda. there comes 

Cfaci that It is even more similar to 

tlCMT well-known animalcule, Para- 

^ium, than it is to a monad. But 

is so huge a creature eom- 

^_i with those hitherto discussed— it 

jKhes one-one hundred and twentieth 
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of an inch or more in length— that there 
is no difficulty in making out its organiza- 
tion in detail ; and in proving that it is 
not only an animal but that it is an animal 
which possesses a somewhat complicated 
organization. For example, the surface 
layer of its body is different in structure 
from the deeper parts. There are two 
contractile vacuoles, from each of which 
radiates a system of vessel-like canals ; 
inly is there a conical depression 
* 'i a tube, which serve as 



jected from a definite region. Nothing 
is easier than to feed these animals, and 
to watch the particles ot indigo or carmine 
accumulate at the lower end of the gullet. 
From this they gradually project, sur- 
rounded by a ball of water, which at 
length passes with a jerk, oddly simnlat- 
a gulp, into the pulpy central sub- 
ce ot the body, there to circulate up 
side and down the other, until its 
digested and assimilated. 
Nevertheless, this complex animal multi- 
plies by division, as the monad does, and, 
like the monad, undergoes conjugation. 
It stands in the same relation to Heiero- 
mila on the animal side, as Coleockate 
the plant side. Start from either, 
and such an insensible series of gradations 
leads to the monad that it is impossible 
to say at any stage of the progress — here 
the line between the animal and the plant 

ust be drawn. 

There is reason to think that certain 
organisms which pass through a monad 
stage of existence, such as the Myxomy- 
cetcs, are, at one lime o( their lives, de- 
pendent upon external sources for their 
protein matter, or arc animals : and, at 
another period, manufacture it, or are 
plants. And seeing that the whole prog- 
ress of modem investigation is in favor 
of the doctrine of continuity, it is a fair 
and probable speculation — tnough only a 
speculation— that, as there are some 
plants which can manufacture protein niil 
of such apparently intractable mineral 
matters as carbonic acid, water, nitrate 
of ammonia, metallic and earthly salts ; 
while others need to be supplied with 
their carbon and nitrogen in the some- 
what less raw form of tartrate of ammonia 
and allied compound.'! ; so there may be 
yet others, as is possihl)^ the case with the 
true parasitic plants, which can only man- 
age to put together materials still better 
prepared— still more nearly approximated 
to protein — until we arrive at such organ- 
isms as the Psorospermia and the /*««- 
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histephyton, which are as much aniinai 
asvegetalile in structure, but are animal 
in their dependence tin other organisms 
for Ihcir food. 

The singular circumstance observed 
by Meyer, tiiattlie 7<wa/n of yeast, though 
an indubitable plant, still liourishes must 
vigorously when supplied with the com- 
plex nitrogenous substance, pepsin ; the 
probability that the Peronospora is nour- 
ished directly by the protoplasm of Che 
potato-plant ; and the wonderful facts 
which have recently been brought to light 
respecting insectivorous plants, all favor 
this view ; and tend to Ihe conclusion 
that the difference between animal and 
plant is one of degree rather than of 
leind ; and that the problem whether, in 
a given case, an organism is an animal or 
a plant, may be essentially insoluble. 

V. 

universities: actual and ideal.* 

Elected by the suffrages of your four 
Nations, Rector of the ancient University 
of which you are scholars. I take the ear- 
liest opportunity which has presented itself 
since my restoration to health, of deliver- 
ing the Address which, by long custom, 
is expected of the holder of my office. 

My first duty in opening that Address, 
is to offer you my most hearty thanks for 
the signal honor you have conferred upon 
me — an honor of which, as a man uncon- 
nected with you by personal or by national 
ties, devoid of political distinction, and a 
plebeian who stands by his order, I could 
not have dreamed. And it was the more 
surprising to me, as the five-and-twenty 
years which have passed over my head 
since I reached intellectual manhood, have 
been largely spent in no half-hearted ad- 
vocacy of doctrines which have not yet 
found favor in the eyes of Academic re- 
spectability : so that, when the proposal 
to nominate me for your Rector came, I 
was almost as much astonished as was 
Hal o' the Wynd, " who fought for his 
own hand," by the filack Douglas's proffer 
of knighthood. And 1 fear that my ac- 
ceptance must be taken as evidence that, 
less wise than the .Armorer of Perth, 1 
have not yet done with soldiering. 

In fact, it, for a moment. 1 imagined 
that your intention was simpiy, in the 
kindness of your hearts, to do me honor : 
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id that Ihe Rector of your L'ni\'ersity. 
like that of some other Universities, was one 
of those happy beings who sit in glory for 
three years, with nothing to do for it save 
the making of a speech, a conversation 
with my distinguished predecessor soon 
dispelled the dream. I found that, by the 
constitution of the University of Aberdeen, 
the incumbent of the Kectorate is, if not 

power, at any rate a potential energy ; 
and that, whatever may be his changes of 
success or failure, it is his duty to convert 
that potential energy into a (ivinn force, 
directed Coward such ends as may seem to 
him conducive to the welfare of the cor- 
poration of which he is the theoretical 

1 need not tell you thai your late Lord 
Rector look this view of his position, and 
acted upon it with the comprehensive, far- 
seeing insight into the actual condition and 



other countries, which is his honorable 
characteristic among statesmen. 1 have 
already done my best, and. as long as I 
hold my office, 1 shall continue my en- 
deavors, to follow in the pash which he 
trod ; to do what in me lies, to bring this 
University nearer to the ideal — alas, thai 
I should be obliged to say ideal — of all 
Universities : which, as I conceive, shoidd 
be places in which thought is free from all 
fetters ; and in which all sources of knowl- 
edge, and all aids to learning, should be 
accessible to all comers, without distinc- 
tion of creed or country, riches or pov- 
erty. 

Do not suppose, however, that I am san- 
guine enough to expect much to aime o( 
any poor efforts oi mine. If your aniials 
take any notice of my incumbency, I shall 
probably go down to posterity as the Rec- 
tor who was always beaten, liut if ihey 
add, as I chink they will, that my defeats 
became victories in the hands of^my suc- 
cessors, 1 shall be well content. 

The scenes are shifting in the great the- 
ater of the world. The act which com- 
menced with the Protestant Keformatloi) 
Is nearly played out, and a wider and a 
deeper change than that eitecced three cen- 
turies ago— a reforn:aiion. or rather a rev- 
olution of thought, the e;(tremes of which 
are represented by the inielleciual heirs of 
John of Leyden and of Ignatius Loyola. 
rather than by those of Luther and of I,eo 
—is waiting to como on. nay, visible be- 
hind the scenes to those who have good 
eyes. Men are beginning, once more, to 
awake to the fact that matters of belief 
and of speculation are of absolutely infi- 
nite practical importance ; and are draw- 
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S of! frtitn that sunny country " where it 
^ihrays afternoan " — the sleepy hollow 
^b'uail iiidifferentism^to range thcni- 
under their natural banners. 
■e is in the air. It is whirling feather- 
s of eccentric orbits, and 
J ihc steadiest with a sense of inse- 
curity. It insists on reopenin^j all ques- 
tions and asking all institutions, however 
Vencrjiblc. by what right they esist, and 
whether they are, or are not, in harmony 
Wth the real or supposed wants of man- 
kJaJ. And it is remarkable that these 
searching inquiries are not so much forced 
OB iaslitutions from without, as developed 
. in wttbin. Consummate scholars qiies- 
Hithc value of learning : priests contemn 
jBia: and women turn their backs upon 
B's ideal of perfect womanhood, and 
'l satisfaction in apocalyptic visions o( 
K, as yet unrealized, epicene reality, 
f there be a type of stability in this 
e would be inclined to look for it 
fcthe old Uni>'ersiiies of England. But 
b has bei;n mv bnsincss of late to hear a 
^ood deal aboot what is going on in these 
famous corporations ; and I have been 
filled with a.«ionishment by the evidences 
""ftjBterna' lernientation which they ck- 
jiL H Gibbon could revisit the ancient 
■ nflearningof which he has written so 
^JaHerW, assuredly he would no longer 
.^ak of^" the monks of Oxford sunk in 
prejudice and port." There, as elsewhere, 
port has gone out of fashion, and so has 
prejudice— at least that particular line, old, 

Tied sort of prejudice to which the 

It historian alludes. 
idocd, thing are moving so fast in Ox- 
m mid Cambridge, that, for my part, I 
__ jCTPcd when the Royal Commission, of 
which I am a meitiber, had tinislied and 
presented the Report which related to 
these Universities ; for we should have 
lookcil like mere plagiarists, if. in conse- 
quence of a little longer delay in issuing it. 
ali tile measures of reform we proposed 
had been anticipated by the sppntaneous 
action of the Universities themselves. 
A month ago t should havi 
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might speedily expect 
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r kind in Oxford and 
A Ci 
o the revenues of the many 

a with the Universities, resident in 
"d that the Commis- 
1 has reported, and that, for the first 
time in recorded history, the nation, and 
perhaps the Colleges themselves, will 
jw what they are worth. And it was 
lounced that a statesman, who. whal- 
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ever his other merits or detects, his aims 
above the levei of mere iiarty lighting, 
and a clear vision into the most complex 
practical problems, meant to deal with 

But, Bos laculus csf. That mysterious 
independent variable of political calcub- 
lion. Public Opinion— which some whis- 
per is, in ihe present case, very much the 
same thing as publican's opinion — has 
willed otherwise. The Heads may re- 
tura to their wonted slumbers — at any 
rate for a space. 

Is the spirit of change, wltich is work- 
ing thus vigorously in the South, likclyto 
alTectihe Northern Universities, and if so, 
to what extent i* Tlie violence of fermen- 
tation depends, not so much on the (juan- 
tity of the yeast, as on the composition of 
the wort, and its richness m fermentable 
material ; and, as a preliminary to the dis- 
of this question, 1 venture to call 
to your minds the essential and funda- 
mental differences between the Scottish 
and the EngUsli type of University. 

Do not charge me with anything worse 
than official egotism, if I say that these 
differences appear to be largely symbol- 
ized by my own existence. There is no 
Rector in an English University. Now, 
the organiiation of the members of an 
University into Nations, with their elec- 
tive Rector, is the last relic of the primi- 
tive constitution of Universities, The 
Rectoraie was the most important of 
all offices in that University of Paris, 
upon the model of whidi the Universitv 
of Aberdeen was fashioned : and whicn 
^rtainly a great and nourishing in- 
stitution in the twelfth century. 

Enthusiasts for the antiquity of one of 
the two acknowledged parents of all Uni- 
versities, indeed, do not hesitate to trace 
the origin of the"Studium Parisienae" 
up to that wonderful king of the Franks 
and Lombards, Karl, sumamed the Great, 
whom we all called Charlemagne, and 
believed to be a Frenchman, until a 
learned historian, by beneficent iteration, 
taught us better. Karl is said not to have 
been much of a scholar himself, but he 
had the wisdohi of which knowledge is 
only the servitor. And ihat wisdom ena- 
bled him to see that ignorance is one of 
the roots of all evil. 

In the Capitulary which enjoins the 
foundation of monasteriai and cathedra! 
schools, he says : " Right action is better 
than knowledge ; but in order to do what 
is right, we must know what is right," 
An irrefragable truth, I fancy. Acting 
upon it, the king took pretty full compuL 
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sory powers, and tarried into effect a 
realSy considerable and t-ffecLual stheme 
of elementary t-ducalion through tile 
lengtii and breadth of his dominions. 

No doubt the idolaters out by the Elbe, 
in what is now part of Prussia, objected 
to the Frankish king's measures ; no 
doubt the priests, who had never hesitated 
about sacrificing aii unbelievers in their 
fantastic deities and futile conjurations, 
were the loudest in chanting the virtuesof 
toleration ; no doubt they denounced as 
a cruel persecutor the man who would not 
allow them, however smrere they might 
be, to go on spreading' delusions which 
debased the intellect, as much as they 
deadened the mural sense, and under- 
mined the bonds of civil allegiance ; no 
doubl, if they had lived in these times, 
they would have been able to ahow, with 
ease, that the king's proceedings were 
totally contrary to the best liberal princi- 
ples. But it may be said, in justification 
of the Teutonic ruler, first, that he was 
born before those prineiples, and did not 
suspect that the best way of getting dis- 
order into order was to let it alone ; and, 
secondly, that his rough and questionable 
proceedings did, more or less, bring about 
the end he had in view. For, in a couple 
oi centuries, the schools he sowed broad- 
cast produced their crop of men, thirsting 
for knowledge and craving for culture. 
Such men gravitating toward Paris, as a 
light amidst the darkness of evil days, 
from Germany, from Spain, from Britain, 
and from Scandinavia, came together by 
natural affinity. By degrees they banded 
themselves into a society, which, as its 
end was the knowledge' of all things 
knowable, called itself a " Studiutn Gen- 
erair :" and when it had grown into a 
recognised corporation, acquired the 
nameof " Unii'trsitas Studii Gentralis." 
which, mark you. means not a " Useful 
Knowledge Society." but a " Knowledge- 
of-things-m-general Society." 

And thus the first " University." at any 
rate on this side of the Alps, came into 
being. Originally it had but one Faculty. 
that of Arts. Its aim was to be a center 
of knowledge and culture ; not to be, in 
any sense, a technical school. 

The scholars seem to have studied 
Grammar. Logic, and Rhetoric ; Arithme- 
tic and Geometiy ; Astronomy ; Theol- 
ogy ; and Music. Thus, their work. 
however imjKrfect and faulty, judged by 
modern lights, it may haie been, brought 
them face to face with all the leading as- 
pects of the many-sided mind of man. 
' these studies did really contain, at 



any rate in embryo- 
be. in caricature— what we now call Philos^ 
ophy, Mathematical and Physical Science, 
and Art. Andl doubt if the curriculum 
of any modern University shows si 
and generous a comprehension o 
is meant by culture, as tliis old Trivium 
and Quad riviuni does. 

The students who had passed rfiroogh 
the University course, and had proved 
themselves competent to teach, became 
masters and teachers of their younger 
brethren. Whence the distinction cf 
Masters and Regents on 1 
and Scholars on the other. 

Rapid growth necessitated organization. 
The Masters and Scholars of various 
tongues and countries grouped themselves 
into lour Nations ; and the Nations, by 
their own votes at first, and subsequently 
by those of their Procurators, or represent- 
atives, elected their supreme head and 
governor, the Rector— at that time ihe 
sole representative of the University, and 
a very real power, who could defy Pro- 
vosts interfering from without ; or could 
inflict even corporal punishment c 
obedient members within the University. 

Such was the primitive constitution of 
the University of Paris. It is in reference 
to this originai state of things that I have 
spoken of the Rectorate. and all thai ap- 
pertains to it, as the sole relic of that con- 
stitution. 

But thisorig^nal organisation did not last 
long. Society was not then, anymore than 
itisnow, patient of culture, as such. It says 
to everything, ■■ Be useful to me, or away 
with you." And to the learned, the un- 
learned man said then, as he does no 
" What is the use of all your learning, u 
less you can tell me what 1 want to know ? 
I am here blindly groping about, and con- 
stantly damaging myself by collision witli 
three mighty powers, the power of the in- 
visible God, the power of my fellow Man, 
and the power of brute Nature. Let your 
learning be turned to the study of these 
powers, that I may know how I am 
comport myself with regard to them." 
answer to this demand, some of the Mas- 
ters of the Faculty of Arts devoted them- 
selves to the study of Theology, some !■■ 
that of Law. and some to that o( Medi- 
cine; and they became Doctors- 
learned in chose technical, ar, as wc 
call them, professional, branchesof knowl- 
edge. Like cleaving to like, the Uoctoc^ 
formed schools, or Faculties, of Theolog;-. 
I-aw. and Medicine, which sometimes as- 
sumed airs of superiority over their narcR'. 
the Faculty of Arts, though the laiier i^ 
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I asserted and inaintained its fiinda- 
d supremacy. 
; Faculties arose by proeess of nat- 
diRerentiation out of the primitive 
University. Other constituents, foreign 
to its nature, were sjieedily grafted upon 
it. One of these extra neoii.'i elements was 
forced into it by the Roman Church, which 
in those days asserlctl with effect, that 
which it now asserts, happily v/ithout any 
effect in these realms, its right of censor- 
thip and control over all teaching. The 
ocal habitation of the University lay 
partly in the lands attached to the monas- 
tery of S. Genevieve, partly in the diocese 
of the liishop of Paris : and he who would 
teach must have the license of the .'Vbbot. 
or of the Bishop, as the nearest represent- 
ative of the Pope, so to do, which license 
was granted by the Chancellors of these 
I Ecclesiastics. 

Thus, it 1 am what archaeologists call a 

I " sun'ivnl " of the primitive head and ruler 

I of the University, your Chancellor stands 

in the same relation to the Papacy; and, 

with all respect for his Grace, 1 think I 

I may say that we both look terribly 

I shrunken when compared with our great 

originals. 

Not so is it with a second foreign ele- 
ment, which silently dropped into the soil 
of Universities, like the grain of mustard- 
seed in the parable ; and, like that grain, 
grew into a tree, in whose branches a 
whole aviary of fowls took shelter. That 
clement is the element of Endowment. 
It differed from the preceding, in its orig- 
inal design to serve as a prop to the young 
plant, not to be a parasite upon it. The 
charitable and the humane, blessed with 
wealth, were very early penetrated by the 
misery of the poor student. And the 
wise saw that intellectual ability is not so 
common or so unimportant a gift that it 
should be allowed to run to waste upon 
mere handicrafts and chares. The man 
who was a blessing to his contemporaries, 
but who so often has been converted into 
a curse, by the blind adherence of his pos- 
terity to the letter, rather than to ihespiril, 
of hia wishes — I mean the " pious founder " 
— gave money and lands, that the student. 
who was rich in brain and poor in all else, 
might be taken from the plough or from 
tiw stithy, and enabled to devote himself 
to the higher service of mankind ; and 
built colleges and halls in which he might 
be not only housed and fed, but taught. 

The Colleges were very generally placed 
in strict subordination to the University 
■— -"icir founders; but. in many cases, 
endowment, consisting of land, has 
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undergone an "unearned increment." 
which has given these societies a contin- 
ually increasing weight and importance as 
against the unendowed, or fixedly en- 
dowed. University. In Pharaoh's dream, 
the seven lean kine eat up the seven fat 
ones. !n the reality of historical fact, the 
fat Colleges have eaten up the lean Uni- 

Lven here in Aberdeen, though the 
causes at work may ha\e been somewhat 
different, the effects have been similar ; 
and you see how much more substantial 
an entity is the Very Reverend the Prin- 
cifjal. analogue, if not homologue, of the 
Principals of King's College, than the 
Rector, lineal representative of the ancient 
monarcbs of the University, though now, 
little more tliaQ a " king of shreds and 
patches." 

Do not suppose that, in thus briefly 
tracing the process of University meta- 
morphosis, I have had any intention of 
quarreling with its resuir*. Practically, 
it seems to me that the broad changes ef- 
fected in 1858 ha\-e given the .Scottish 
Universities a very liberal constitution, 
with as much real approxination to the 
primitive state of things as is at ail desir- 
able, Ifyour fat kine have e.ntcn the lean, 
they have not lain down to chev the cud 
ever since. The Scottish Universities, 
like the English, have diverged widely 
enough from their primitive mode' ; UJit I 
cannot help thinking that the northerri 
form has remained more faithful to its 
original, not only in constitution, but. what 
is more to the purpose, in view of the cry 
for change, in the practical amplication of 
the endowments cotmected with it. 

In Aberdeen, these endowments are 
numerous, but so smalt that, taken alto- 
gether, they are not equal to the revenue 
of a single third-rate English college. 
They are scholarships, not fellowships ; 
aids to do work— not rewards for such 
work as it lies within the reach of an or- 
dinary, or even an extraordinary, young 
man to do. You do not think that pass- 
ing a respiectable examination is a fair 
equivalent for an income, such as many a 
gray-headed veteran, or clergyman, would 
envy ; and which is larger than the endow- 
ment of many Regius chairs. You do 
not care to make your University a 
school of manners for the richr of sports 
for the athletic ; or a hot-bed of high-fed. 
hypercritical refinement, more destructive 
to vigor and originality than are starva- 
tion and oppression. No ; your little 
Bursaries of ten and twenty (I believe 
even fifty) jjounds a year, enable any boy 
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ability in the course of his 

iiisc: ramarkuble primary 
Gcbuiib, which ha\'e made Scotland thi; 
power sUc is, to obtain the his'icsi culture 
tile country can give itim ; and «'hcn hu is 
larmerl and equipped, hia Spurtan Alma 
Macer telk him tliat, so fur, he has had 
his wages for his wcftit, and that he may 
gu and cam tlii; rest. 

When [ tUinkot ihc host of pleasant, 
motiicd. well-bred yriuny; gentlemen, who 
do a little li;nrain)r und iimeh boating by 
Cam and lu{», ilic virion is a. pleasant 
one ; and, as a guitriot. I rejoice that the 
youth nf the upper and richer classes of 
the nation rereive a wholesome and a 
manly training, however small maybe the 
modicum of knowlcdi^c they gather, in the 
intervals of this, their serious business. I 
admit, to the full, the social and political 
value of that trainins^. But, when 1 pro- 
ceed to tf insider that these young men 
may be said to represcut ihei];reat bulk of 
what the Colleges have to show for their 
enormous wealth, plus, at least, a hun- 
dred and fifty pounds a year apiece which 
each undergr:iduate costs his parents or 
guardians, I feel inclined to ask, whether 
the ratc-in-aid of the education of the 
wealthy and professional classes, thus 
levied on the resources of the community, 
is not, after all, a little heavy ? And, still 
further, 1 am tempted to inquire what has 
become of the indigent scholars, the sons 
of the masses of the people whose daily 
labor just suffices to meet their daily 
wants, for whose benefit these rich foun- 
dations were largely, if not mainly, insti- 
tuted .' It seems as if Pharaoh's dream 
had been rigorously carried out, and that 
e\'en the fat scholar has eaten the leai 
one. And when I turn from this picturi 
to the no less real vision of many a bravi 
and frugal Scotch boy, spendinj; his sum 
merinhard manual labor, that he may 
have the privilege of wending his way i 
autumn to this Universitj-, with a bag c 
oatmeal, ten pounds in h:s pocket, and hi 
own stout heart to depend upon through 
the northern wHnler; not bent on seeking 
"The biiblile reputation at the cam 
moulh," 

but determined to wring knowledge from 
the hard hands of penury ; when I see him 
win 'through all such outward obstacles 
to positions of wide usefulness and we" 
earned fame : I cannot but think that, 
essence, Aberdeen has departed but little 
from the primiiive intention of the found- 
ers of Universities, and that the spirit of 
reform has so much to do on the other 




side of the iJorder, that it mav be long 
before he has leisure to loiik this way. 

As compared with other actu ill Univer- 

ics, then, Aberdeen, may. perhaps, be 
well satisfied with itself. Bui do tioi 
think me an impracticable dreamer, if I 
ask you not to rest and be thankful tn 
this state of satisfaction ; if I ask you to 
consider awhile, how this actual good 
stands related to that ideal better, towards 
which both men and institotioos must pro- 
gress, if they would not retrograde. 

In an ideal University, as 1 conceive tt, 
a man should be able to obtain instruction 
in ail forms of knowledge, and discipline 
in the use of all the methods by which 
knowledge is obtained. In such an Uni- 
versity, the force of living example should 
(ire the student with a noble ambition to 
emulate the learning of learned men, and 
10 follow in the footsteps of the expforcra 
of new lields of knowledge. And the 
very air he breathes should be charged 
with that enthusiasm for truth, that fanat- 
icism of veracity, which is a greater pos- 
session than much learning ; anoblergift 
than the power of increasing knowledge ; 
by so much greater and nobler than these, 
as the moral nature of man is great 
than the intellectual ; for veracity is L 
heart of morality. 

lint the man who is all morality and 
intellect, although he may be good and 
even great, is, after all. only half a man.' 
There is beauty in the moral world and in 
the intellectual world ; but there is also a 
Ijeauly which is neither moral nor 
Icctual— the beauty of the world ot Alt. 
There are men who are devoid of the 
power of seeing it, as there are men who 
are born deaf and blind, and the loss of 
those, as of these, is simply infinite. 
There are others in whom it is an over- 
powering passion ; happy men, bomwltb 
the productive, or at lowest, the apprecia- 
tive, genius of the Artist. But, in the 
mass of mankind, the .,^Lsthetic faculty, 
lik^ the reasoning power and the moral 
sense, needs to be roused, directed, and 
cultivated ; and I know not why the de- 
velopment of that side of his nature. 
through which man has access to a peren- 
nial spring of ennobling pleasure, should 
be omitted from any comprehensive , 
scheme of University education. 

All Universities recognize Literature in 
the sense of the old Rlieioric, which is aft ' 
incarnate in words, Some, to their credU, 
recognize Art in its narrower sense, to a 
certain extent, and confer degrees for 
proficiency in some of its branches. If I 
there arc Doctors of Music, why should J 
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ihere be no Masters of Painting, of Sculpt- 

_jire. of Ardiitecture ? 1 shguld like to 

B Professors of the Fine Arts in every 

. and instruction in some 

if their work made a part of tlie 

pcurriculurn. 

sxpressed liie opinion that, 

r ideal University, a man should be 

Site lo i>blatn instruction in all forms of 
knowiedge. Now. by " forms of knowl- 
edge " i mean the great tiasies of things 
knowablc ; of which the lirst, in logical, 
chouj^h mi' in natural, order is knowiedge 
relating to the scope and limits of the 
mentai fauolsics of man ; a form of knowl- 
edge which, in its positive aspect, answers 
pretty «i;ich to Logic and part of I'sy- 
choloi^, while, op its negaUve and crit- 
ical side, it corresponds with Metaphysics. 
A scctiiid class comprehends all that 
kno'i-ledgc whii^li relates to man's welfare, 
so (ar as it is determined by his own acts, 
or what wc call his conduct. It answers 
to Morul iiad Religious philosophy. 
Practically, it is the most directly valuable 
ftf all forms of knowiedge, but specula- 
tively, it is limited and criticised by that 
whicf) precedes and by that which follows 

\ ''■■■■ 1 i-liiss embraces knowledge of 
^ ik-iia of the Universe, as that 
■.... .iboul the individual mar; and 

c[ iji^. .M.c^ which those phenomena are 
observed to follow in the order of their 
occurrence, which wc term the laws of 

This is what ought to be called Natural 
Science, or I'hysiEilogy. though those terms 
arc hopelc-sly ilivfrtcd from such a 
meaning: and it inc-ludes all exact knowl- 
edge of natural fiict. whether Mathemat- 
ical. Physical, iSiological, or Social. 

Kant has said that the ultimate object 
of all knowledge is to give replies to these 
three questions : What can I do ? What 
Otjghi I to do? What may I hope for? 
The forms of knowledge which I have 
enumerated, should furnish such replies 
as are ^^'ithin human reach, to the first and 
second of these questions. While to the 
third, perhaps the wisest answer is. " Do 
what you can to do what you ought, and 
leave hoping and tearing alone." 

]( this be a just and an exhaustive 
classification of the forms of knowledge. 
no ijucsiion as to their relative impor- 
tance, or as to the superiority of one to 
the other, can be seriously raised. 

On the face of the matter, it is absurd 
W asic whether it is more important to 
know the limits of one's powers : ur the 
a tor which they ought to be exerted ; 



or the conditions under which they must 
be exerted. One may as well mquirc 
which of the terms of a Rule of Three 
sum one ought to know, in order to get a 
trustworthy result. Practical life is such 
a sum, in which your duty multiplied into 
your capacity, and divided by your cir- 
cumstances, gives you the fourth term in 
the proportion, which is your deserts, with 
great accuracy. Ail agree, 1 take it, that 
men ought to have these three kinds of 
knowledge. The so-called " conflict of 
studies " turns upon the question of how 
they may best be obtained. 

The founders of Universities held the 
theory that the Scriptures and Aristotle 
taken together, the latter being limited by 
the former, contained all knowledge worth 
having; and that the business of philoso- 
phy was to interpret and co-ordinate 
these two. I imagine that in the twelfth 
century this was a very fair conclusion 
from known, facts. Nowhere ia the 
world, in those days, was there such an 
encyclopedia of knowledge of all three 
classes, as is to be found in those writ- 
ings. The scholastic pliilosophy is a 
wonderful monument of the patience and 
ingenuity with which the human mind 
toiled to build up a logicalty consistent 
theory of the Universe, out of such ma- 
terials. And that philos«^y is by no 
means dead and buried, as many vainly 
suppose. On the contrary, numbers of 
men of no mean learniikg and accomplish- 
ment, and sometimes of rare power and 
subtlety of thought, ivM by it as the best 
theory of things which has yet been stated. 
And, what is still more remarkable, men 
who speak the language of modern phi- 
losophy,, nevertheless think the thoughts- 
of the schoolmen. " The voice is the 
voice of Jacob, bi« the hands are the 
liands of Esau." Every day 1 hear 
" Cause," ■■ Law," " Force." " Vitality,"" 
spoken of as entities, by people who cat* 
enjoy Swift's joke about the meat-roast- 
ing quality of the smoke-jack, and com- 
fort themselves with the rellection thai 
they are not even as those benighted 
schoolmen. 

Well, this great system had its day, and 
then it was sapped and mined by two in- 
fluences. The first was the study of 
classical literature, which familiarized men 
with methods of philosophizing : with 
conceptions of the highest Good ; with 
ideas of the order of Nature ; with notions 
of Literary and Historical Criticism T and 
above all, with visions of Art, of a kind 
which not only would not fit into the 
scholastic scheme, but showed them a 
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prc-Chrislian, and indeed altogether un- 
Clirislian world, of such grandeur and 
beauty that they ceased to think of any 
other. They were as men who had kissed 
the Fairy Queen, and wandering with 
her in the dim loveliness of the under- 
world, cared not to return to the familiar 
ways of home and fatherland, though they 
lay. at arm's length, overhead. Cardinals 
were more familiar with Virgil than with 
Isaiah ; and Popes labored, with great 
success, to re-paganize Rome. 

The second inliuence was the slow, but 
sure, growth of the physical sciences. It 
was discovered that some results of spec- 
ulative thought, of immense practical and 
theoretical importance, can be verified by 
observation : and are always true, how- 
ever severely they may be tested. Here, 
at any rate, was knowledge, to the cer- 
tainty of which no authority could add. or 
take aWay, one jot or tittle, and to which 
the tradition of a thousand years was as 
insignificant as the hearsay of yesterday. 
To the scholastic system, the studir of 
classical literature might be inconvenient 
and distracting, but it was possible to 
hope that it could be kept within bounds. 
Physical science, on the other hand, was 
an irreconcilable enemy, to be excluded 
at all hazards. The College of Cardinals 
has not distinguished itself in Physics or 
Physiology ; and no Pope has, as yet, set 
up public laboratories in the Vatican. 

People do not always formulate the be- 
liefs on which they act. The instinct of 
fear and dblike is quicker than the reasc 
iog process ; and i suspect that, taken 
conjunction with some other causes, such 
instinciive aversion is at the bottom of the 
long exclusion of any serious disciplir 
the physical sciences from the general 
curriculum of Universities; while, on the 
other hand, classical literature has been 
gradually made the backbone of the Arts 

I am ashamed to repeat here what I 
have said elsewhere, in season and nut ' 
season, respecting the value of Science 
knowledge and discipline. But the other 
day I met with some passages in the Ad- 
dress to another Scottish University, of a 
great thinker, recently lost to us, which 
express so fully, and yet so tersely, the 
truth in this matter, that 1 am fail 
quote them : — 

" To question all things ; — never to turn 
away from any difficulty ; to accept 
doctrine either from ourselves or from 
other people without a rigid scrutiny by 
negative criticism ; letting no fallacy, or 
incoherence, or confusion of thought step 



by unperceivcd ; above all, to insist upon 
having the meaning of a word clearly un- 
derstood before using it, and the meaning 
of a proposition before assenting to it ; — 
these are the lessons we learn" from 
workers in Science, "With all this vig- 
orous management of the negative ele- 
ment, they inspire no scepticism about 
the reality of truth or indifference to its 
uit. The noblest enthusiasm, both 
he search after truth and for apply- 
it to its highest uses, pervades those 
;rs." •' In cultivating, therefore."! 
as an essential ingredient in edu 
.. " we are all the while laying an 
mirable foundation for ethical and phifo- 
iphical culture."* 

The passages I have quoled were __ 
tered by John Stuart Mill ; bm you cannot, 
hear in\'erted commas, and it is therclorci 
right that I should add, without delay, 
that I have taken the liberty of subslilu- 
tine" workers in science" for "ant' 
dialecticians," and ".Science as an es^vu-^ 
tial ingredient in education " tor " the 
ancient languages as our best literary 
education." Mill did, in fact, deliver a 
noble panegyric upon classical studies, { 
do not doubt its justice, nor presume to 
question its wisdom. But 1 venture to 
maintain that no wise or just judge, who 
has a knowledge of the facts, will hesitate 
to say that it applies with equal force ti 
scientific training. 

But it is only fair to the Scottish Uni- 
versities to point out that they have long 
understood the value of Science as A 
branch of general education. 1 observe, , 
with the greatest satisfaction, that candi- 
dates for the degree of Master of Arts in 
this University are required to have a 
knowledge, not only of Mental and Morsj 
Philosophy, and of Mathematics aod 
Natural Philosophy, but of Natural His- 
tory, in addition to the ordinary Latin and. 
Greek course : and that a candidate tnaf 
take honors in these subjects and "" 
Chemistry, 

I do not know what the requirements 
of your examiners may be, but I sincerely 
crust they are not satisfied with a. mere 
book knowledge of these matters. F(tf 
my own part, I would not raise a finger.' 
if I could thereby introduce mere booh 
work in science into every Arts curriculunj 
in the country. Let those who want tij 
study books devote themselves to Lilera? 
ture, in which we have the perfection "I 
books, both as to substance and as to f 
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If I may paraphrase Hobbes's well-known 
aphorism, 1 would say thai " books are 
the money of Literature, but only the 
counters of Science," Science (in the 
sense in which I now use the terra) being 
the knowledge of fact, of which every ver- 
bal description is but an incomplete and 
symbolic expression. And be assured 
that no teaching of science is worth any- 
thing, as a mental discipline, which is not 
based upon direct perception of the facts, 
and practical exercise of the observing 
and logical faculties upon them. Even 
in such a simple matter as the mere com- 
prehension of form, ask the most prac- 
ticed and widely informed anatomist what 
is the difference between his knowledge 
of a structure which he has read about, 
and his knowledge of the same structure 
when he has seen it for himself; and he 
will tell you that the two things are not 
comparable — the difference is infinite. 
Thus 1 am very strongly inclined to agree 
with some learned schoolmasters who say 
that, in their experience, the teaching of 
science is ail waste time. As they teach 
it, 1 have no doubt it Is. But to teach it 
Otherwise, requires an amount of personal 
tftbor and a development of means and 
appliances, which must strike horror and 
dismay into a man accustomed to t 
book work ; and who has been in the habit 
of teaching a class of fifty without much 
strain upon his energies. And this is 
of the real difficulties in the way of the 
introduction of physical science into the 
ordinary University course, to which 1 
have alluded. It is a difficulty which will 
not be overcome, until years of patient 
study have organized scientific teaching 
as well as, or I hope better than, classical 
teaching has been organized hitherto, 
A little while ago, 1 \'entured to h 
doubt as to the perfection of some of the 
arrangements in the ancient Univer; 
of England ; but, in their provision for 
giving instruction in Science as such, and 
without direct reference to any of its prac- 
tical applications, they have set a brilliant 
example. Within the last twenty years 
Oxford alone has sunk more than a hun- 
dred and twenty thousand pounds ir 
building and furnishing Physical, Chem- 
ical, and Physiological Laboratories, and a 
magnificent Museum, arranged with 
almost luxurious regard for the need; 
the Bludcnl. Cambridge, less rich, but 
aided by the munificence of her Chancel- 
lor, is taking the same course ; and, in a 
few years, it will be for no lack of the 
sieans and appliances of sound teaching, 
.1 ., ^f English University men re- 



1 in their present state of barbaro 
ignorance of even the rudiments of scic 
tific culture. 



proper place in the Universities. That Is 
ts recognition as a Faculty, or branch of 
itudy demanding recognition and spei'ial 
organization, on account of its bearing on 
the wants of mankind. The Faculties of 
Theology, Law, and Medicine, are tech- 
nical schools, intended to equip men who 
have received general culture, with the 
special knowledge which is net-ded for the 
proper performance of ilie duties of cler- 
gymen, law7ers, and medical practitioners. 

When the materia! well-being of the 
country depended upon rude pasture and 
agriculture, and still ruder mining ; In the 
days when all the innumerable applica- 
tions of the principles of physical science 
to practical purposes were non-exislcni 
even as dreams ; days which men living 
may have heard their fathers speak of ; 
what little physical science could be se^n 
to bear directly upon human life. ]ay 
within the province of Medicine. Medi- 
cine was the foster-mother of Chemistry, 
because It has to do with the preparation 
of drugs and the detection of poisons : ol 
Botany, because it enabled the physician 
to recognize medicinal herbs : of Compar- 
ative Anatomy and Physiology, because 
the man who studied Human Anatomy 
and Physiology for purely medical pur^ 
poses was led to extend his studies to the 
rest of the animal world. 

Within my recollection, the only way 
in which a student could obtain anything 
like a training in Physical Science, was 
by attending the lectures of the Profes- 
sors of Physical and Natural science at- 
tached to the Medical Schools. But in 
the course of the last thirty years, both 
foster-mother and child have grown so 
big, that they threaten not only to crush 
one another, but to press the very life out 
of the unhappy student who enters the 
nursery ; to the great detriment of all three, 

f speak in the presence of those who 
know practically what medical education 
is ; tor I may assume that a large propor- 
tion of my hearers are more or less ad- 
vanced students of medicine. I appeal 
to the most irtdusirious and conscientious 
among you, to those who are most deeply 
penetrated with a sense of the extremely 
serious responsibilities which attach to 
the calling of a medical practitioner, when 
I ask whether, out of the four years whicli 
you devote to your studies, you ought to 
spare even so much as an hour for any 
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work which di 
you for your d 

Ccinsider what that work is. Its foun- 
dation is 3 sound and practical acquaint- 
ance with the structure of the human or- 
ganism, and with the modes and condi- 
tions of its action in health. I say a sound 
, and practical acquaintance, to guard 
against the supposition that my intention 
is to suggest that you ought all lo be mi- 
nute anatotnists and accomplished physi- 
ologists. The devotion oi your whole 
tour years to Anatomy and Physiology 
alone, would be totally insufficient to at- 
tain that end. What 1 mean is, the sort 
of practical, familiar, finger-end knowl- 
edge which a watchmaker has of a watch. 
and which you expect that craftsman, as 
an honest man, to have, when you entrust 
a watch that goes badly, to him. It is a 
kind of knowledge which is lo be ac- 
quired, not in the lecture-room, nor in 
the library, but in the dissecting-room 
and the laboratory. It is to be had, not 
by sharing your attention between these 
and sundry other subjects, but by concen- 
trating your minds, week alter week, and 
month after month, six or seven hours a 
day, upon all the complexities of organ 
and function, until each of the greater 
truths of anatomy and physiologyhas be- 
comean organic part of your minus — until 
you would know them if you were roused 
and questioned in the middle of the night, 
as a man knows the geogranhjr of his 
native place and the daily life of his home. 
That is the son of knowledgewhich,once 
obtained, Is a life-long possession. Other 
(x:cupations may fill your minds — it 
ETOW dim, and seem to be forgotten- 
"tliere it is, like the inscription on a 
tercd and defaced coin, which come 
when you warm it. 

It 1 had the power to remodel Medical 
Education, the first two years of the medi- 
cal curriculum should he devoted to noth- 
ing but such thorough study of Anatomy 
and Physiology, with Physiological Chem- 
istry and Physics ; the student should then 
pass a real, practical 
subjects ; and, having gone through that 
ordeal satisfactorily, he should be troubled 
no more with them. His whole mind 
should then be given with equal intent- 
ness. to Therapeutics, in -its broadest 
sense, to Practical Medicine and lo Sur- 
gery, with instruction in Hygiene and in 
Medical Jurisprudence ; anil of these sub- 
jects only^surely there are enough of 
them— should he be required to show ; 
knowledge in his final examination. 

I cannot claim any special property i) 



this theory of what the medical curricu- 
lum should be, for I find that views, more 
or less closely approximating these, are 
held by ail who have seriously considered 
the very grave and pressing question of 
Medical Reform ; and have, indeed, been 
carried into practice, to some extent, by 
the most enlightened Examining Boards. 
! have heard but two kinds of objections 
to them. There is, first, the objection of 
vested interests, which I will not deal 
with here, because I vrant to make myself 
as pleasant as 1 can, and no discussions 
are so unpleasant as those which turn on 
such points. And there is, secondly, the 
much more respectable objection, which 
takes the general form of the reproach 
that, in thus limiting the curriculum, we 
are seeking to narrow it. We are told 
that the medical man ought to be a per- 
son of good education and general infor- 
mation, if liis profession is to hold its own 
among other professions; that he ou^t 
to know Botany, or else, if he goes abroad, 
he will not be able to tell poisonous fruits 
from edible ones; that he ought to know 
drugs, as a druggist knows them, or he 
will not be able to tell sham bark and 
senna from the real articles ; that he oti^it 
to know Zoology, because — well, 1 really 
have never been able to learn exactly why 
he is to be expected to know zoology. 
There is, indeed, a popular superstition, 
that doctors know all about things that 
are queer or nasty to the general mind, 
and may, therefore, be reasonably expected 
to know the ■■ barbarous binomials " ap- 
plicable to snakes, snails, and slugs; an 
amount of information with which the 

feneral mind is usually cnmpletely satis-- 
ed. And there ia a scientilic supersti- 
tion that Physiology is largely aided by 
Comparative Anatomy — a superstition 
which, like most superstitions, once had a 
grain of truth at bottom ; but the grain 
has iJeconie homcepathic. since Physiology 
took its modern experimental develop- 
ment, and became wliat it is now. the ap- 
plication of the princijiles of Physics and 
Chemistry to the elucidation of the phe^ 
nomenaof hfe. 

I hold as strongly as any one can do, 
that the medical practitioner ought lo be 
a person of education and good general 
culture ; but I also hold by the old theoiy 
of a Faculty, that a man should have tiis 
general culture before he devotes himself 
to the special studies of that Faculty ! 
and I venture to maintain, that, if the gen- 
eral culture obtained in the Faculty of 
Arts were what it ought to be, the student 
would have quite as much knowledge of 
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. fundamental principles of Physics, of 

lemistry, and of Biology, as he needs, 

fore he commenced his special medical 
studies. 

Moreover, I would urge, that a thor- 
ough study of Human Physiology is, in 
itself, an eiiui:alion broader antf more 
comprehensive than much that passes 
under [hat name. There is no side of 
tie intellect which it does not call into 
play, no region of human knowledge into 
which either its roots, or its branches, do 
not extend : like the Atlantic between the 
Old and tlie New Worlds, its waves wash 
ihe shores of the two worlds of matter 
and of mind ; its tributary streams flow 
from both ; through its waters, as yet un- 
furrowed by the keel of any Columbus, 
lies the road, if such there be. from the 
one to the other ; far away from that 
North-west Passage of mere speculation 
in which so many brave souls have been 
hopelessly frozen up. 

But whether 1 am right orwrong about 
this, the patent fact of the limitation of 
As the song runs :— 
an could be sure 
is hie would eudure 
Fer Ibe space of a ihousand iDng years " 

be might do a number of things not prac- 
ticable under present conditions. Me- 
thuselah might, with much propriety, 
have taken half a century to get his doc- 
tor's degree ; and might, very fairly, have 
been required to pass a practical exami- 
" 'loD upon the contents of the British 
scum, before commencing practice as 
.onusing young fellow of two hundred. 
iSthereabouts. Hut you have tour years 
o do your work in, and are turned loose, 
to save or slay, at two or three and 

Now, I put it to you, whether you think 
that, when you come down to the realities 
of lite — when you stand by the sick-bed, 
racking your brains tor the principles 
whidi shall Eurnish you with the means of 
interpreting symptoms, and forming a 
rational theory of the condition of your 
patient, it will be satisfactory for you tc 
tintl that those principles are not there— 
although, to use the eitamination slang 
which is unfortunately too familiar to n 
you can quite easily "give an account 
the leading peculiarities of the Marsupi 
iia." or "enumerate the chief characters 
of ihe Coinpositir."oT " state the class and 
orderof the animal from which Castoreum 
is obtained." 

I really do not think that state of thing; 
will be satisfactory to you ; I am ven 
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t be so to your patient. Iti- 
deed, I am so narrow-mir.dcd niyself, 
that if i had to choose between two pliy- 
"cians — one who did not know whether 

whale is a lish or not, and could not tell 
gentian from ginger, but did understand 
the applications ot the institutes of medi- 
cine to his art ; while the other, like 
Talleyrand's doctor, " knew everything, 
even a little physic " — with all my love tor 
breadth of culture, I should assuredly 
consult the former. 

pleasant to incur the suiipicion 
nation to injure or depreciate 
particular branches of knowledge. But 
the tact tliat one of those which 1 should 

ve no hesitation in excluding from thc 

;dical curriculum, is that to wliich ray 

'n life has been specially devote^ 
should, at any rate, defend me from the 
suspicion of being urged to this course by 
any but the very gravest considerations 
of the public welfare. 

And I should like, further, to call your 
attention to the important circumstance 
that, in thus proposing the exclusion o{ 
the study of such branches of knowledge 
as Zoology and Botany, from those com- 
pulsory upon the medical student. I am 
not, for a moment, suggesting their exclu- 
sion from the University. I think that 
sound and practical instruction in tlie ele- 
mentary facts and broad principles of 
Biology should form part of the Arts 
Curriculum : and here, happily, my theory 
is in entire accordance with jour practice 
Moreover, as I have already said, I have 
no sort of doubt that, in view of the rela- 
tion of Physical Science to the practical 
life of the present day, it has the same 
right as Theology, Law, and Medicine, 
to a Faculty of its own in which menshall 
be trained to be professional men of sci- 
ence. It may be doubled whether Uni- 
versities are the places for technical 
schools of Engineering, or Applied Chem- 
istry, or Agriculture. But there can 
surely be little question, that instruction 
in the branches of Science which lie at 
the foundation of these Arts, ot afar 
more advanced and special character than 
could, with any propriety, be included in 
the ordinary Arts Curriculum, ought to he 
obtainable by means of a duly organised 
Faculty of Science in every University. 

The establishment of such a Faculty 
would have the additional advantage of 
providing, in some measure, for one of 
the greatest wants of our time and coui>- 
try. I mean the proper support and en- 
couragement of original research. 

The other day, an emphatic friend ot 
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mine committed himself to the opinion i pursuits? 
that, in England, it is better for a man's 
worldly prospects to be a drunkard, than 
to be smitten with the divine dipsomania 
of the original investigator. I am inclined 
to think he was not far wrong. And. be 
■itobsen-ed. that the question is not, 
whether such a man shall be able to 
make as mueh out of his abilities as 
his brother, of like ability, who goes into 
Law, or Engineering, or Commerce ; it 
is not a question of " maintaining a due 
number of saddle horses," as George 
Eliot somewhere puts it — it is a question 
of living or starving. 

If a student of my own subject shows 
■power and originality, I dare not advise 
nim to adopt a scientist career : for. sup- 

Eosing he is able to maintain himseli until 
e has attained distinction, I cannot give 
him the assurance that any amout of pro- 
ficiencj' in the Biological Sciences will be 
convertible into, even the most modest, 
bread and cheese. And 1 believe that 
the case is as bad, or perhaps worse, with 
other branches of Science. In this re- 
spect Britain, whose immense wealth and 
prosperity hang upon the thread of Ajv 
pticd Science, is far behind France, and 
infinitely behind Germany, 

And the worst of it is, that it is very dif- 
ficult to see one's way to any immediate 
remedy for this state of affairs which shall 
be free from a tendency to become worse 
than the disease. 

Great schemes for the Endowment of 
Research have been proposed. It has 
been suggested, that Laboratories for all 
branches of Physical Science, provided 
with every apparatus needed by the in- 
vestigator, shall be established by the 
State ; and shall be accessible, under due 
conditions and regulations, to all properly 

Sualified persons. 1 see no objection to 
le principle of such a proposal. If it be 
legitimate to spend great sums of money 
on public Libraries and public collections 
of Painting and Sculpture, in aid of the 
men of letters, or the Artist, or for the 
mere sake of affording pleasure to the 
general public, I apprehend that it 
not be illegitimate to do as much for 
the promotion of scientific investigation. 
To take the lowest ground as a mere in- 
vestment of money, the latter is likely to 
be much more immediately profitable. 
To my mind, the difficulty in the way of 
such schemes is not theoretical, but 
practical. Given the laboratories, how 
are the investigators to be maintained ? 
What career is open to those who have been 
thus encouraged to leave bread-winning 
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be provided for 
by endowment, we come back to the Col- 
lege Fellowship system, the results of 
which, for Literature, have not been so 
brilliant that one would wish to see it ex- 
tended to Science ; unless some much 
better securities, than at present exist, can 
be taken that it will loster real work. 
You know that among the Hees„it de- 
pends on the kind of cell in which the e^ 
IS deposited, and the quantity and qiiahty 
of food which is supplied to the grub, 
whether it shall turn out a busy tiittc 
worker or a big idle queen. And. in the 
human hive, the cells of the endowed 
larvje are always tending to enlarge, and 
their food to improve, until we get 
queens, beautiful to behold, but which 
gather no honey and build no comb, 
I do not say that these dilliculties may 
It be overcome, but their gravity is not 
be lightly estimated. 
In the mean while, there is one step in 
the direction of the endowment of re- 
search which is free from such objections. 
to place the scientific in- 
quirer in a position in which he shall have 
ample leisure and opportunity for original 
work, and yet shall give a fair and tangi- 
ble equivalent for those privileges, "nie 
establishment of. a Faculty of Science in 
every University, implies that of a corre- 
sponding number of Professorial chairs, 
the incumbents of which need not be so 
burdened with teaching as to deprive 
them of ample leisure for original work. 
1 do not think that it is any impediment 
to an original investigator to have to de- 
vote a moderate portion of his time to 
lecturing, or superintending practical in- 
struction. On the contrary, I think it 
may be, and often is, a benefit to be 
obliged to take a comprehensive survey 
of your subject ; or to bring yoiir results 
to a pioint, and give them, as it were, a 
tangible objective existence. The beset- 
ting sins of the investigator are two: the 
one is the desire to put aside a subject, 
the general bearings of which be ban 
mastered himself, and pass on to some- 
thing which has the attraction of noveltyj 
and the other, the desire for too much 
perfection, which leads him to 



to spend the energies which should b» 
reserved for action, in whitening the decks 
and polishing the guns. 

But supposing the Professorial forces 
of our University to be duly organized, 
there remains an important question, re- 
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lating to the reaching power, lo be consid- 
ered. Is the Hrofessorial system— the sys- 
tem, I mean, of teaching in the lecture-room 
alone, and leaving the student to find his 
own way when he is outside the lecture- 
room— adequate to the wants of learners ? 
In answering this question, I confine ray- 
self to my own province, and I venture to 
reply for Physical Science, assuredly and 
undoubtedly. No. As f have already in- 
timated, practical work in the Laboratory 
absolutely indispensable, and that prac- 
il woric must be guided and superin- 
ided by a sufiicient staff of Dcnionsti-a- 
s, who are for Science what Tutors arc 
for other branches of study. And there 
must be a good supply of such Demon- 
strators, 1 doubt if the practical work of 
more than twenty students can be prop- 
erly superintended by one Demonstrator, 
It wc take the working day at si.t hours, 
ihat is less than twenty minutes apiece— 
not a very large allowance of time (or 
helping a dull man, for correcting an in- 
accurate one, or even for making an 
intelligent student ciearly apprehend 
what he is about. And, no doubt, the 
supplying of a proper amount of this tuto- 
rial, practical teaching, is a diiiiculty in 
the way of giving proper instruction in 
Physical Science in such Universities as 
that of Aberdeen, which are devoid of en- 
dowments ; and, unlike the English Univer- 
sities, bave no claim on the funds of rich- 
ly endowed bodies to supply their wants. 
Examination — thorough, searching ex- 
apiination — is an indispensable accom- 
nimeni of teaching ; but 1 am almost 
:Uned to commit myself to the very 
terodox proposition that it is a necessa- 
evil. i am a very old Examiner, hav- 
[, for some twenty years past, been oc- 
ied with examinations on a considera- 
scale, of all sorts and conditions of 

, ji, and women too, — from the boys 

and girb of elementary schools to the 
candidates for Honors and Fellowships 
in the Universities. I will not say that. 
in this case as in so many others, the ad- 
sge, that familiarity breeds contempt. 
Ji^ds good : but my admiration for the 
■«tsiing system of 'examination and its 

lore of it. Examination, like lire, is a 
servant, but a bad master ; and 
tre seems to be some danger of its be- 
_^ming our master. I by no means 
JKaiu) alone in this opinion. Experienced 
friends of mine do not hesitate to s;iy 
that students whose career they watch, 
appear to them to beconie deteriorated by 
j_ . ■Man to pass this or that 
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brains becoming affected by the daily ne- 
cessity of catching a train, They work 
to pass, not to know ; and outraged 
Science lakes her revenge. They do 
pass, and they don't knovv. I have 
passed sundry examinations in my time. 
not without credit, and T confess I am 
ashamed to think how very little real 
knowledge underlay the torrent of stuff 
which I was able to pour out on paper. 
In fact, that which examination, as ordi- 
narily conducted, tests, is simply a man's 
power of work under stimulus, and his 
capacity for rapidlyand clearly producing 
that which, for the time, he has got into 
his mind. Now, these faculties are by no 
means to be despised. They are of great 
value in practical life, and are the making 
of many an advocate, and of many a so- 
called statesman. But in the putiui: ot 
truth, scientific or other, they count fur 
very little, unless they are supplemented 
by that long-continued, patient '■ intend- 
ing of the mind." as Newton phrased it, 
which makes very little show in Examina- 
tions. I imagine that an Examiner who 
knows his students personally, must not 
unfrequently have found himself in iho 
position of finding A's paper better than 
B's, though his own judgment tells him, 
quite clearly, that B is the man who has 
the larger share of genuine capacity. 

Again, there is a fallacy about Exam- 
iners. It is commonly supposed that any 
one who knows a subject is competent to 
teach it : and no one seems to doubt that 
any one who knows a subject is compe- 
tent to examine in it. I believe both 
these opinions lo be serious mistakes : 
the latter, perhaps, the more serioilsof the 
two. In the first place, I do not believe 
that any one who is not, or has not been, 
a teacher is really qualified to examine 
advanced students. In the second place, 
Examination is an Art, and a difficult one, 
which has to be learned like all other arts. 

Beginners always set too diflicult ques- 
tions—partly because they are afraid of 
being suspected of ignorance if they set 
easy ones, and partly from not under- 
standing their business. Suppose that 
you want to test the relative physical 
strength of a score of young men. You 
do not put a hundredweight down before 
them, and tell each to swing it round. 
If you do.Jialf of them won't be able 10 
lift it at all, and only one or two will be 
able to perform the task, Vou must give 
ihem half a hundredweight, and see how 
they maneuver that, if you want lo form 
■f the muscular strength of 
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, each. So, a practiced Examiner will seek 
for information respecting the mental 
viffir and iraimn^; »f candidates from the 

[ way in which llicy deal with queslions 

I easy cnouj^h lo Icl reason, memory, and 

' incthiid have free play, 

' "(1 dniibr, ft Rfeat deal is to be done by 
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of practical 
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1 edge, and a still more imperfect test of 
capacity, while it tellii next to nothing 

I about a man's ;wwer as an investigator. 
There ia much lo be said in favor of 

i KBtrk'tiiig the highest degress in each 

I Faeuliy, to those who have shown evi- 
dence of nueh original power, by prosecut- 
ing a research under the eye of the Pro- 
teasur in whose province it lies ; or, at any 
me, titider conditions which shall alford 
Mltsfactory proof that the work is theirs, 

I The notion may sound revolutionary, but 

, It is really very old : for. I take it, that it 
lies At the bottom of that presentation of 

' a thesis by the candidate for a doctorate. 

' which has now. too often, become little 

I belter than a matter of form. 
■ Thus fnr, 1 have endeavored lo lay be- 
fore you, in aioo brief and imperfect man- 
ner, my views respecting the teaching 
half— ihe Mngistri and Regenies — of the 
Uiiivcrsiiy o( the Future. Now let me turn 
to ihe learning half — Ihe Scholares. 

If the L niversities are lo be the sanct- 
uaries of the highest culture of the coun- 
try, those who would enter that sanctuary, 
must not come with unwashed hands. 
II the good seed is to yield its hundred- 
fold harvest, it must not be scattered 
junidst the stones of ignorance or the 
tares of undisciplined indolence and wan- 
tonness. On the contrar)'. the soil must 
have been carefully prepared, and the I>ro- 

I feasor should find that the operations of 

, dod<rushing, draining, and weeding, and 
even a good deal of planting, have been 

' done by the Schoolmaster. 

That b exactly what the Professor 
Iocs not find in any Univeisity in the 

I tbive KingdMns th«'l can bear of— the 
teason of which stale «( things lies in the 
cxtrwiKly faulty ot;:anuat)on of the ma- 
jority «M sccoiMlaty Schools. Students 
come [i> (he Universiiies 31-pKpared in 
ctaissics and maibemaucs. ikx at ^l mv- 

' (ued in anything etse: and bait ateir 

I rine is spent' in karai^ that wfakh they 

I OMkIr to nan kaawn «rbc« Aey otne. 

I 1 3«nMtBMS bear it said that the SoM- 



tish Universities differ from the English, 
in being to a much greater extent places 
ofcomparatively elementary education for 
a younger class of students. But it would 
seem doubtful if any great difference of 
this kind really exists ; for a high author- 
ity, himself Head of an English College, 
has solemnly affirmed that: "Elementary 
teaching of youths under twenty is now 
the only function performed by the Uni- 
versity ; " and that Colleges are ■' boarding 
schools in which the elements of the 



quoted those remarkable assertions. I 
should like lo engrave them in public 
view, for they have not been refuted ; and 
1 am convinced that if ihcir import is 
once clearly apprehended, they will play 
no mean part when the question of Uni- 
versity reorganisation, with a view to 
practical measures, comes on for discus- 
sion. You are not responsible for this 
anomalous state of alTairs now; but, as 
you pass into active life and acquire the 
political inHuc nee to which your education 
and your position should entitle you. yon 
will become responsible for it, unless each 
in his sphere does his best to alter it, 1^ 
insisting on the improvement of secondaty 
Schools. 

Your present responsibility is of an- 
other, though not less serious,' kind. In- 
stitutions do not make men. any more 
than organization makes life : and even 
ihe ideal University we have been dream- 
ing about will be but a superior piece of 
mechanism, unless each student strive 
after the ideal of the Scholar. And that 
ideal, it seems to me, has never been bet- 
ter embodied than by the great Poei. who. 
though lapped m luxury, the favorite of a 
Court, and the idol of his countrymen, 
remained through all the leneth of his 
honored years a Scholar in Art. m Science, 
and in Life. 

Would'st shape a noble life ? Then cast 
Nti liackwanl glances toward the past i 
And thnugh somewluLt be lost and gone. 
Vet do thou act as one new-bom. 
What each da; iMrds, that shall Lboa ask ; 
Each day will set its pfopcr task. 
Give otber's w"*" ' - ' 
Not of Ihiae >y 
Bevaie no f ell 
Ami so in God^ h 
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^^^^Omena of modern society will readily 
adinil that bores must be classed 
among Ibe enemies ai the human 
race; and a little consideration will 
I probably lead him to the further ad- 

,' mission, that no species of that ex- 

I tensive genus of noxious creatures is 

I more objectionable iban the educa- 

tional bore. Convinced as I am of 
the tnith of this great social general- 
ization, it is not without a certain 
trepidation that I venture to address 
you on an educational topic. For, in 
the course of the last ten years, to go 
back no farther, I am afraid to say 
how often I have ventured to speak 
of education, from that given in the 
primary schools to that which is to 
be had in the universities and medical 
colleges; indeed, the only part of this 
wide region into which, as yet, I have 
not adventured is that into which I 
propose to intrude to-day. 
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Thus. I cannot but be aware that I 
am dangerously near becoming the 
thing which all men fear and 
But I have deliberately elected ti 
the risk. For when you did rae the 
honor to ask me to address yoit, an 
unexpected circumstance had led me 
to occupy myself seriously with the 
question of technical education; and 
I had acquired the conviction that 
there are lew subjects respecting 
which it is more important for all 
classes of the community to have clear 
and just ideas than this ; while, cer- 
tainly, there is none which is more 
deserving of attention by the Working 
Men's Club and Institute Union, 

It is not for me to express an 
opinion whether the considerations, 
which I am about to submit to you, 
will be proved by experience to be 
just or not ; but I will do my best to 
make them clear. Among the many 
good things to be found in Lord 
Bacon's works, none is more full of 
wisdom than (he saying that " truth 
more easily comes out of error than 
out of confusion." Clear and consec- 
utive wrong-thinking is the next best 
thing 10 right-thinking; so that, if I 
succeed in clearing your ideas on this 
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topic, I shall have wasted neither yi 
time 

'■ Technical education," in the sense 
a which the lerm is ordinarily used, 
1 which 1 am now employing it, 
s that sort of education which is 
specially adapied to the needs of men 
whose business in life it is to pursue 
some kind of handicraft ; it is, ii 
fact, a fine Greco-Latin equiialent for 
good vernacular English 
would be called "the teaching of 
handicrafts." And probably, at this 
stage of our progress, it may occur to 
many of you to think of lire story of 
the cobbler and his last, and to say 
to yourselves, though you will be too 
polite to put the question openly to 
me, What does the speaker know 
practically about this matter ? What 
is his handicraft ? I think the ques- 
tion is a very proper one, and unless 
■ I were prepared to answer it, I hope 
satisfactorily, I should have chosen 
some other theme. 

The fact is, I am, and have been, 
any time these thirty years, a man 
who works with his hands— a handi- 
craftsman, I do not say this in the 
broadly metaphorical sense in which 
fine gentlemen, with all the delicacy 
of Agag about them, trip to the hust- 
ings about election time, and protest 
that they too are working men. I 

I really mean my words to be taken in 
their direct, literal, and straightfor- 
ward sense. In fact, if the most 
nimble-fingered watchmaker among 
you will come to my workshop, he 
may set me to put a watch together, 
and I will set him to dissect, say, a 
blackheeile's nerves. I do not wish 
lo vaunt, but I am inclined to think 
that I shall manage my job to his 
satisfaction sooner than he will do his 
piece of work to mine. 
In truth, anatomy, which is my 
handicraft, is one of the most difficult 
kinds of mechanical labor, involving, 
as it does, not only lightness and 
dexterity of hand, but sharp eyes and 
endless patience. And you must not 
suppose that my particular branch of 
science is especially distinguished for 
the demand it makes upon skill in 



manipulation. A similar requircmeni 
is made upon all students of physical 
science. The astronomer, die elec- 
trician, the chemist, the mineralogist, 
the botanist, are constantly called 
iipon to perform manual operations of 
exceeding delicacy. The progress of 
all branches of physicaJ science de- 
pends upon observation, or on that 
artificial observation which is termed 
experiment, of one kind or another; 
and, the farther we advance, the more 
practical difficulties surround the in- 
vestigation of the conditions of the 
problems offered lo us ; so that mobile 
and yet steady hands, guided by clear 
vision, are more and more in request 
in the workshops of science, 

Indeed, it has struck' me that one 
of the grounds of that sympaJiy be- 
tween the handicraftsmen of this 
country and the men of science, by 
which it has so often been my 
good fortune to profit, may, perhaps, 
lie here. You feel and we feel that. 
among the so-called learned folks, 
we alone are brought into contact 
with tangible facts in the way that 
you are. You know well enough that 
It is one thing to write a history of 
chairs in general, or to address a 
poem to a throne, or to speculate 
about the occult powers of the chair 
of St. Peter ; and quite another thing 
to make with your own hands a verit- 
able chair, that will stand fair and 
square, and afford a safe and satis- 
factory resting-place to a frame of 
sensitiveness and solidity. 

So it is with us, when we look out 
from our scieniific handicrafts upon 
the doings of our learned brethren. 
whose work is unlramnieied by any- 
thing " base and mechanical," as 
handicrafts used to be called when 
the world was younger, and in some 
respects less wise than now. We take 
the greatest interest in their pursuits ; 
We are edified by their histories and 
are charmed with their poems, which 
sometimes illustrate so remarkably 
the powers of man's imagination ; 
some of us admire and even humblj' 
try to follow them in their high phi- 
losophical excursion.s. though we 
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know the risk of being snubbed by 
ihe inquiry whether groveling dissecl- 
ora of monkeys and blackbcetles can 
hope lo enter into the empyreal king- 
dom of speculation. But stil! we feel 
that our business is diffiirent: hum- 
bler if you will, though the diminu- 
tion of dignity is, perhaps, coinpen- 
saicd by the increase of reality ; and 
thnt we, like you, h.ive to get our 
work done in a region where Utile 
avails, if the power of dealing with 
practical tangible facts is wanting. 
Vol! know that clever talk touching 
joinery will not make a chair ; and I 
know thai it is of about as much 
value in the physical sciences. 
Mother Nature is serenely obdurate 
to honeyed words; only those who 
tinderstand the ways of things, and 
can silently and effectually h.tndle 
them, get any good out of her. 

And now, having, as I hope, justi- 
fied my assumplJon of a place among 
handicraftsmen, and ptit myself right 
with you as to my qualification, from 
practical knowledge, to speak about 
technical education, I will proceed to 
lay before you the results of my expe- 
rience as a teacher of a handicraft, 
and tell you what sort of education I 
should think best adapted for a hoy 
whom one wanted to make a profes- 
sional anatomist. 

I should say, in the first place, let 
him have a good English elementary 
education. I do not mean that he 
shall be able to pass in such and such 
a standard — that mayor may not be 
an equivalent expression — but that 
his leaching shall have been such as 
lo have given him command of the 
common implements of learning and 
10 have created a desire for the things 
of the understanding. 

Further, I should like him to know 
Ihe elcmenis of physical science, and 
especially of physics and chemistry, 
and I should take care that this ele- 
mentary knowledge was real. t 
should like my aspirant to be able to 
read a scientific treatise in Latin, 
French, or German, because an enor- 
mous amount of anatomical knowl- 
^^edee is locked up in those languages. 



And especially, 1 should require some 
ability to draw — I do not mean artist- 
ically, for that is a gift which may be 
cultivated but cannot be learned, but 
with fair accuracy. I will not say 
that everybody can learn even this; 
for the negative development of the 
faculty of drawing in some people is 
ahnost miraculous. Slili everybody, 
or almost everybody, can learn to 
write; and, as writing is a kind of 
drawing, I suppose that the majority 
of the people who say they cannot 
draw, and give copious evidence of 
the accuracy of their assertion, could 
draw, after a fashion, if they tried. 
And that " after a fashion " would be 
better than nothing for my purposes. 

Above all things, let niy imaginaiy 
pupil have preserved the freshness 
and vigor of youth in his mind as well 
as his body. The educational abomi- 
nation of desolation of the present 
day is the stimulation of young people 
to work at high pressure by incessant 

wise man (who probably was not an 
early riser) has said of early risers in 
general, that they are conceited all 
the forenoon and stupid all the after- 
noon. Now whether this is true of 
early risers in the common accepta- 
tion of the word or not, I will not 
pretend to say; but it is too often 
true of the unhappy children who arc 
forced lo rise too early in their classes. 
They are conceited all the forenoon 
of life, and stupid all its afternoon. 
Thevigorand freshness, which should 
have been stored up for the purposes 
of the hard struggle for existence in 
practical life, have been washed out 
of them by precocious mental de- 
bauchery — by book gluttony and 
lesson bibbing. Their faculties are 
worn out by the strain put upon their 
callow brains, and they are demor- 
alized by worthless childish triumphs 
before the real work of life begins. 
I have no compassion for sloth, but 
youth has more need for intellectual 
rest than age ; and the cheerfulness, 
the tenacity of purpose, the power of 
work which make many a successful 
man what he is, must often be placed 
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to the credit, not of his hours of in- 
dustry, but to that of his hours of idle- 
ness, in boyliood. Even the hardest 
worker of us all, if he has to deal with 
anything above mere details, will do 
well, now and again, to let his brain 
lie fallow for a space. The next crop 
of thought will certainly be all the 
fuller in the ear and the weeds fewer. 

This is the sort of education which 
I should like any one who was going 
10 devote himself to my handicraft to 
undergo. As to knowing anything 
about anatomy itself, on tlie whole I 
would rather he left that alone until 
he took it up seriously in my labora- 
tory. It is hard work enough to teach, 
and I should not like to have super- 
added to that the possible need of 
un teaching. 

Well, bill, you wil! say, this is 
Hamlet with the Prince of Denmark 
left out ; your " technical educatiou " 
is simply a good education, with more 
attention to physical science, to draw- 
ing, and to modern languages, than is 
common, and Uiere is nothing spe- 
cially technical about it. 

Exactly so; thai remark takes us 
straight to the heart of what I have to 
say; which is, that, in my judgment, 
the preparatory education of the 
handicraftsman ought to have nodi- 
ing of what is ordinarily understood 
by " technical " about it. 

The workshop is the only real 
school for a handicraft. The educa- 
tion which precedes that of the work- 
shop should be entirely devoted to 
the strengthening of the body, the 
elevation of the moral faculties, and 
the cultivation of the intelligence; 
and, especially, to the imbuing the 
mind with a broad and clear view of 
the laws of that natural world with 
the components of which the handi- 
craftsman will have to deal. And, 
the earlier the period of life at which 
the handicraftsman has to enter into 
actual practice of bis craft, the more 
important is it that he should devote 
the precious hours of preliminary edu- 
cation to things of the mind, which 
have no direct and immediate bearing 
on his branch of industry, though 



TECHNICAL EDUCATION', 



they li 



,t the foundation of all reali- 



Now let nie apply (he lessons I 
have learticd from my handicraft to 
yours. If any of you were obliged 10 
lake an apprentice, I suppose you 
woidd like to get a good healthy tad, 
ready and willing to learn, handy, and 
with his fingers not all thumbs, as the 
saying goes. Vou would like that he 
should read, write, and cipher well; 
and, if you were an intelligent master, 
and your trade involved the applica- 
tion of scientific principles, as so 
many trades do, you would like Iiirn 
to know enough of the elementary 
principles of science to understand 
what was going on. I suppose tliat, 
in nine trades out of ten, it would be 
useful if he could draw; and many 
of you must have lamented your in- 
ability to find out for yourselves what 
foreigners are doing or have done. 
So that some knowledge of French 
and German might, in many cases, be 
very desirable. 

So it appears to me that what you 
want is pretty much what I want; 
and the practical question is, How 
you are to get what you need, under 
the actual limitations and conditions 
of life of handicraftsmen in this coun- 
try. 

I think I shall have the assent both 
of the employers of hibor and of the 
employed as to one of these limita- 
tions ; which is, that no scheme of 
technical educadon is likely to be se- 
riously entertained which will delay 
the entrance of boys into working life, 
or prevent them from contributing to- 
ward their own support, as early as 
Ihey do at present. Not only do I be- 
lieve that any such scheme could not 
be carried out, but I doubt its desira- 
bleness, even if it were practicable. 

The period between childhood and 
manhood is full of difficulties and 
dangers, under the most favorable cir- 
cumstances; and, even among the 
well-to-do, who can afford to surround 
their children with the most favorable 
conditions, e.vamples of a career 
ruined, before it has well begun, are 
but too frequent. Moreover, those 
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I have to live by [abor must be 
JSiped to labor eaily. The coll that 
'left at grass too long makes but a 
sorrj' drauglit-horse, though his way 
of life does not bring him within the 
reach of artificial temptations. Per- 
haps the most valuable result of all 
education is the ability to mnkc your- 
self do the thing you have lo do, when 
it ought to be done, whether you hke 
It or not; it is the first lesson that 
ought lo be learned ; and, however 
early a man's training begins, it is 
probably ihe last lesson ibat he learns 
ihorouglily. 

There is another reason, to which I 
have already adverted, and which } 
I would reiterate, why any extension of 

the time devoted to ordinary school- 
work is undesirable. In the newly 
I' ened zeal for education, we run 
risk of forgetting the truth that 
: under-inslriiclion is a bad thing, 
iiistruclion may possibly be a 
ccess in any kind of practical life 
)l dependent solely, or indeed 
ly, upou knowledge. Even in 
learned professions, knowledge, 
...u,.j, is of less consequence than 
people are apt lo suppose. And, if 
much expenditure of bodily energy is 
hivolved in the day's work, mere 
knowledge is of still less importance 
when weighed against the probable 
cost of its acquirement. To do a fair 
day's work with his hands, a man 
needs, above all things, health, 
strenglh, and the patience and cheer- 
fulness which, if they do not alwaj'S 
accompany these blessings, can hardly 
in the nature of things exist without 
them; to which we must add hooesiy 
irpose and a pride in doing what 
ne well. 

good handicraftsman can get on 
well without genius, but he will 
tte badly without a reasonable share 
of that which is a more useful posses- 
sion for workaday life, namely, moiher- 
wit; and he will be all the belter for 
a real knowledge, however limited, of 
the ordinary laws of nature, and 
pecially of those which apply lo his 
jnvR business. 






Instruction carried so far as to help 

e scholar to turn his store of 

3ther-wit to account, to acquire a 

ir amount of sound elementary 

iDwIedge, and to use his hands and 

eyes ; while leaving him fresh, vtgor- 

and with a sense of the dignity 

of his own calling, whatever it may be, 

if fairly and honestly pursued, cannot 

fail to be of invaluable service to all 

those who corae under its influence. 

But, on the other hand, if school 
instruction is carried so far as to en- 
courage bookishness; if the ambition 
of the scholar is directed, not to Ihe 
gaining of knowledge, but to tlie being 
able to pass examinations success- 
fully; especially if encouragement is 
given to the mischievous delusion that 
brainivork is, in itself, and apart from 
its quality, a nobler or more respecta- 
ble thing than handiwork — such edu- 
cation may be a deadly misciiief lo 
the workman, and lead to the rapid 
of the industries it is intended lo 
serve. 

I know that I am expressing the 
opinion of some of the largest as well 
the most enlightened employers 
of labor, when 1 say that there is a 
real danger that, from the extreme of 
no education, we may run to the other 
extreme of over-education of handi- 
craftsmen. And I apprehend that 
what is true for the ordinary hand- 
worker is true for the foreman. Act- 
ivity, probity, knowledge of men, 
ready mother-wit, supplemented by a 
good knowledge of tJie general prin- 
ciples involved in his business, are the 
making of a good foreman. If be 
possess tliese qualities, no amount of 
learning will fit him better for his po- 
sition ; while the course of life atid 
the habit of mind required far the at- 
tainment of such learning may, in va- 
rious direct and indirect ways, act as 
direct disqualifications for it. 

Keeping in mind, then, that ihe two 
things to be avoided are, the delay of 
the entrance of boys into practical 
life, and the substitution of exhausted 
bookworms for shrewd, handy men, 
in our works and factories, let us con- 
sider what may be wisely and safely 
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attempted in the way of improving 
ihe education of the li an die rafts man. 

First, 1 look to the elementary 
schools now happily established all 
over the coimiry, 1 am not going to 
criticise or tind fault with them; on 
the contrary, iheir establishment 
seems to me to be the most important 
and die most beneficial result of ihe 
corporate action of the people in our 
day, A great deal is said of British 
interests just now, but, depend U|Kin 
it, that no Eastern difiiculty needs 
our intervention as a nation so seri- 
ously, as the putting down both ihe 
Bashi-Uazouks of ignorance and ihe 
Cossacks of sactarianism at homL-, 
What has already been achieved in 
these directions is a great ihing; you 
must have lived some time lo know 
how great. An education, better in 
its processes, belter in ils substance, 
than that which was accessible to th 
great majority of well-to-do Britons 
quarter of a century ago, is now ol 
tainable by every child in the lane 
Let any man of my age i;o into an ord 
nary elementary school, and, unless he 
was unusually fortunaic in his )omb, 
he will tell you that (he educational 
method, the intelligence, patience, and 
good temper on the teacher's part, 
which are now at the disposal of the 
veriest waifs and wastrels of society, are 
things of which he had no experience 
in those costly middie-class schools, 
which were so ingeniously contrived 
as to combine all the evils and short- 
comings of the great public schools 
with none of i heir advantages. Many 
a man, whose so-called educaiion cost 
a good, deal of valuable money and 
occupied many a year of invaluable 
time, leaves the inspection of a well- 
ordered elementary school devoutly 
wishing that, in his voung days, he 
had had ihe chance of being as well 
taught as these boys and girls are. 

But while in view of such an 
vance in general educaiion, 1 willingly 
obey the natural impulse to be thai 
ful. I am not willing altogether 
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emenlary science and in art more 
thoroughlv incorporated in the educa- 



tional system. At present, it is being 
Iministered by driblets, as if it were 
potent medicine, " a few drops to be 
iken occasionally in a teaspoon." 
very year I notice that that earnest 
and untiring friend of yours and of 
mine. Sir John Lubbock, stirs up the 
Government of ihe day in the House 
of Commons on ihis subject ; and also 
that, every year, he and the few mem-- 
hers of ihe House of Commons, such 
as Mr. Playfair, who sympathize with 
him, are met with expressions of warm 
admiration for science in general, and 
teasons at large for doing nothing in 
particular. But now that Mr. Forster. 
10 whom the educaiion of ihe country 
owes so much, has announced his con- 
version to ihe right failh, I begin to 
hope ihat, sooner or later, things will 
mend, 

I have given what I believe to be a 
good reason for the assumption, that 
the lieeping at school of boys who are 
to be handicraftsmen, beyond the age 
of thirteen or fourteen is neither 
practicable nor desirable ; and, as it 
is quite cerialn, that w^th justice lo' 
other and no less imporlanl branches 
of education, nothing more than thu 
rudiments of science and art teaching 
can be introduced into elementarv 
schools, we must seek elsewhere for 
a supplementary training in these sub- 
jects, and, if need be, in foreign lan- 
guages, which may go on after ihc 
workman's life has begun. 

'ITic means of acquiring the scien- 
tific and artislic part of this trainirig 
already exists in full n'orking order, 
in the first place, in ihe classes of 
Ihe Science and Art Department. 
which are, for the most part, held in 
Ihe evening, so as lo be accessible to 
all who choose lo avail themselves of 
them after working hours. The great 
advantage of these classes is that ihej- 
bring the means of instruction to the 
doors of the factories and workshops; 
lhat they are no artificial creations, 
but by their very existence prove the 
desire of the people for them ; and 
! finally, that ihey admit of indefinite 
I development in proportion as ihey are 
I wanted, I have often expressed ll 
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feion, and I repeat it here, that, 
Bng the eighteen years they have 
In in existence, these classes have 
3one incalculable good; and I can 
say, of my own knowledge, that the 
Department spares no pains and 
trouble in trying to increase their use- 
fulness and ensure the soundness of 
their work. 

No one knows better than my friend 
Colonel Donnelly, to whose clear 
views and great administrative abili- 
ties so much of the successful work- 
ing of tlie science classes is due, that 
there is much to be done before the 
system can be said to be thoroughly 
satisfactory. The insiruction given 
needs to be made more systematic and 
especially more practical ; the teach- 
ers are of very unequal excellence, 
and not a few stand much in need of 
instruction themselves, not only in the 
subjects which they teach, but in the 
objects for which they leach, I dare- 
say you have heard o£ tliat proceeding, 
reprobated by all true sportsmen, 
which is called " shooting for the pot." 
Well, there is such a thing as " teach- 
ing for the pot "—teaching, that is, 
not that your scliolar may know, but . 
that he may count for payment among 
those who pass the exajiiination ; and 
there are some teachers, happily not 
many, who have yet to learn that the 
examiners of the Department regard 
them as poachers of the worst descrip- 

Without presuming in any way to 
siK.ik in the name of ihe Department, 
I think I may say, as a matter which 
has come under my own observation, 
that it is doing its best lo meet all 
these difficulties. U systematically 
promotes practical instruction in the 
classes; it affords facilities lo teach- 
ers who desire to learn their business 
thoroughly ; and it is always ready to 
aid in the suppression of pot-teaching. 

All this is, as you may imagine, 
highly satisfactory to me. I see that 
spread of scientific education, about 
which I have so often permitted my- 
self to worry the public, become, for 
all practical purposes, an accom- 
Qltshed fact. Grateful as I am for all 



that is now being done, in the sami' 
direction, in our higher schools and 
universities, I have ceased to havr 
any anxiety about the wealthier 
classes. Scientific knowledge is 
spreading by what the alchemists 
called a "distillatio per ascensum;" 
and nothing now can prevent it from 
continuing to distil upward and per- 
meate English society until, in the re- 
mote future, there shall be no membci 
of the legislature who does not know 
as much of science as an elementary 
school-boy; and even the heads of 
houses in our venerable seats of learn- 
ing shall acknowledge that natural 
science is not merely a sort oE Uni- 
versity backdoor through which infe- 
rior men may get at their degrees. 
Perhaps this apocalvptic vision is a 
little wild ; and 1 feel I ought to ask 
pardon for an outbreak of enUiusiasm, 
which, 1 assure you, is not my com- 
monest failing. 

I have said that the Government i^^ 
already doing a great deal in aid o( 
that kind of technical education for 
handicraftsmen which, to my mind, is 
alone worth seeking. Perhaps it is 
doing as much as it ought to do, even 
in tills direction. Certainly there is 
another kind of help of the most im- 
portant character, for which we may 
look elsewhere than to the Govern- 
ment. The great mass of mankind 
have nehher the liking, or the apti- 
tude, for either literary, or scientific, 
or artistic pursuits : nor, indeed, for 
excellence of any sort. Their ambi- 
tion is to go through life with moder- 
ate exertion and a fair share of ease, 
doing common things in a common 
wav. And a great blessing and com- 
fort it is that the majority of men are of 
this mind ; for the majority of things 
to be done are common things, and 
are quite well enough done when com- 
monly done. The great end of life is 
not knowledge but action. What mcM 
need is, as much knowledge as they 
can assimilate and organize into a 
basis for action ; give them more and 
it may become injurious. One knows 
people who are as heavy and stupid 
from undigested learning as others 
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are from overfulness of meat and 
drink. But a small percentage of the 
population is born with that most ex- 
cellent quality, a desire for excellence, 
or with special aptitudes of some sort 
or another; Mr. Galton tells us that 
not more than one in four thousand 
may be expected to attain distinction, 
and not more than one in a million, 
some share of that intensity of in- 
stinctive aptitude, that burning thirst 
for excellence, which is called genius. 
Now, the most important object of 
all educational schemes is to catch 
these exceptional people, and turn 
them to account for the good of soci- 
ety. No man can say where they will 
crop up; like their op posites, the fools 
and knaves, they appear 



the 
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hovel ; but the great thing to be aimed 
at, I was almost going to say the most 
important end ot all social arrange- 
ments, is to keep these glorious sports 
of Nature from being either cor- 
rupted by luxury or starved by poverty, 
and to put ihem into the position in 
which they can do the work for which 
Ihey are specially fitted. 

Thus, if a lad in an elementary 
school showed signs of special capaci- 
ty, I would try to provide him with 
the means of continuing his educa- 
tion after his daily working life had 
begun ; if, in ihe evening classes, he 
developed special capabilities in the 
direction of science or of drawing, I 
would try to secure him an appren- 
ticesliip to some trade in which those 
powers would have applicability. Or, 
if he chose to become a teacher, he 
should have the chance of so doing. 
Finally, totheladof genius, the one in 
amillion, I woidd make accessible the 
highest and most complete training 
the country could afford. Whatever 
that might cost depend upon it the in- 
vestment would be a good one. I 
weigh my words when I say that if the 
hation could purchase a potential 
Walt, or Da\'y, or Faraday, at the cost 
of a hundred thousand pounds dnwn, 
he would be dirt-cheap at the money. 
It is a mere commonplace and every- 
day piece of knowledge, that what 



these three men did has produced un- 
told millions of wealth, in the narrow- 
est economical sense of the word. 

Therefore, as the sum and crown of 
what is to be done for technical edu- 
cation, 1 look to the provision of a 
machinery for wini 
pacities and giving them scope. Whelv 
I was a member of the London School 
Board, 1 said, in the course of ; 
speech, that our business was to pro- 
vide a ladder, reaching from the gut- 
ter to ihe university, along which 
every child in the three kingdoms 
should have the chance of climbing asi 
far as he was fit to go. This phrase 
was so much bandied about at the 
time, that, 1o say the tnilh, 1 am rath- 
er tired of it , but I know of no other 
which so fully expresses my belief, 
not only about education in general, 
but about technical edu< 
ticular. 

The essential foundation of all the 
organization needed for the promo- 
tion of education among handicrafts- 
men will, I belie\'e, exist in this coun- 
try, when eveiy working lad can feel 
that society has done as much as lies 
in its power to remove all needless 
and artificial obstacles from his path ; 
that there is no barrier, except such 
as exists in the nature of things, be- 
tween himself and whatever place in 
the social organization he is fitted to 
fill; and, more than this, that, if he 
has capacit}' and industry, a hand is 
held out to help him along any path 
which is wisely and honestly chosen. 

I have endeavored to point out to 
j'ou that a great deal of such an or- 
ganization already exists; and I am 
glad to be able to add that there is a 
good prospect that what is wanted will, 
before long, be supplemented. 

Those powerful and wealthy socie- 
ties, the liverj- companies of the City 
of London, remembering that they are 
the heirs and representatives of the 
trade guilds of the Middle Ages, are 
interesting themselves in the question. 
So far back as 1872 the Society of Arts 
organized a system of instruction i 
the technology of arts and manufact- 
ures, for persons actually employed 
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in factories and workshops, who de- 
sired to extend and improve their 
knowledge of the theory and practice 
o! their panicular avocalioiis ; * and 
it considerable subsidy, in aid of ihe 
efforts of tlie Society, was liberally 
granted by the Clotliworkers' Com- 
pany. We have here the hopeful 
commencement of a rational organiza- 
tion for the promotion of excellence 
among handicraftsmen. Quite re- 
cently, other of the livery companies 
have determined upon giving their 
powerful, and, indeed, almost bound- 
less, aid to the improvement of 
the teaching of handicrafts. They 
have already gone so far as to ai>- 
point a committee to act for them; 
and 1 betray no confidence in adding 
that, some lime since, the committee 
sought the advice and assistance of 
several persons, myself among the 

Of course I cannot tell you what 
may be the result of the deliberations 
of the commiite ; but we may all fairly 
jiope that, before long, steps which 
will have a weighty and a lasting in- 
fluence on the growth and spread oE 
sound and thorough teaching among 
the handicraftsmen t of this country 
will be taken by the livery companies 
||< London. 

Hbis hope his been fully justified by the 
(riishment of the Cowper Street Schuuls, 
■ that of Ihe Central Institution of the 

ysnd Guilds of London Institute-! 



JThe great body of theoretical and 
ICticat knowledge which has been 
nimulated by the labors of some 



• See Ihe '■ Programme " for 1878, igsucd 
by Ihe Society of Arts, p. 14, 

t It is perhaps advisable to remark that 
the important question of the professional ed- 
■calion of managers of industrial works is 
not touched in the foregoing remarks. 

t Address at Ihe Intemalional Medical 

uLcgc, London, iSSi, 



eighty generations, since the dawn of 
scientific thought in Europe, has no 
collective English name to which an 
objection may not be raised; and 1 
use the term "medicine" as that 
which is least likely to be misunder- 
stood ; though, as every one knows, 
the name is commonly applied, in a 
narrower sense, to one of the chief 
divisions of the totality of medical 

Taken in this broad sense, " medi- 
cine " not merely denotes a kind of 
knowledge, but it comprehends the 
various applications of that knowledge 
to the alleviation of the sufferings, the 
repair of the injuries, and the conser- 
vation of the health, of living beings. 
In fact, the practical aspect of medi- 
cine so far dominates over every 
other, that the " Healing Art " is one 
of its most widely-received synonyms. 
It is so difficult to think of medicine 
otherwise than as something which is 
necessarily connected with curative 
treatment, that we are apt to forget 
that there must be, and is, such a. 
thing as a pure science of medicine — 
a "pathology" which has no more 
necessary subservience to practical 
ends than has zoology or botany. 

The logical connection between 
this purely scientific doctrine of dis- 
ease, or pathology, and ordinary biol- 
ogy, is easily traced. Li\'ing matter 
is characterized by its innate tend- 
ency to exhibit a definite series of 
the morphological and physiological 
phenomena which constitute organi- 
zation and Hfe. Given a certain 
range of conditions, and these phe- 
nomena remain the same, within nar- 
row limits, for each kind of living 
thing. They furnish the normal and 
typical character of the species, and 
I as such, they are the subject-matter of 
ordinary biology. 

Outside the range of these condi- 
tions, Ihe normal course of the cycle 
of vital phenomena is disturbed ; ab- 
normal siniciure makes its appear- 
ance, or the proper character and 
mutual adjustment of the functions 
cease to be preserved. The extent 
and the importance of these deviations 
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from the typical life may vary indefi- 
nitely. They may have no noticeable 
influence on the general well-being of 
ihe economy, or they may favor it. 
On the other hand, they may be of 
such a nature as to impede the activi- 
ties of the organism, or even to in- 
volve its destruction. 

In the first case, these perturba* 
tions are ranged nnder the wide and 
somewhat vague category of " varia- 
tions ; " in the second, they are called 
lesions, states of poisoning, or dis- 
eases ; and, as morbid states, they 
lie within the province of pathology. 
No sharp line of deniarkation can be 
drawn between ihetwo classes of phe- 
nomena. No one can say where ana- 
tomical variations end and tumors 
begin, nor where modification of func- 
tion, which may at first promote 
health, passes into disease. All that 
can be said is, that whatever change 
of structure or function is hurtful be- 
longs to pathology. Hence it is obvi- 
ous that pathology is a branch of biol- 
°Sy ; ^' '^ ^^^ morphology, the physi- 
ology, the distribution, the etiology 
o£ abnormal life. 

However obvious this conclusion 
may be now, it was nomse apparent 
in the infancy of medicine. For it is 
a peculiarity of the physical sciences, 
that they are independent in propor- 
tion as they are imperfect ; and it is 
only as they advance that the bonds 
which really unite them all become 
apparent. Astronomy had no mani- 
fest connection with terrestrial phys- 
ics before the publication of the 
"Priucipia;" that of chemistry with 
physics is of still more modem reve- 
lation ; that of physics and chemistry 
with physiology, has been stoutly de- 
nied within the recollection of most 
of us, and perhaps still may be. 

Or, to lake a case which affords a 
closer parallel with that of medicine. 
Agriculture has been cultivated from 
the earliest limes, and, from a remote 
antiquity, men have attained consid- 
erable practical skill in the cultivation 
of the useful plants, and have empinc- 
ally established many scientific truths 
concerning the conditions under which 



they flourish, But, it is within the 
memory of many of us, that chemistry 
on the one hand, and vegetable phys- 
iology on the other, attained a stage 
of development such that they were 
able to furnish a sound biisis for sci- 
entific agriculture. Similarly, medi- 
cine took its rise in the practical 
needs of mankind. At first, studied 
without reference to any other branch 
of knowledge, it long maintained, in- 
deed still to some extent maintains, 
that independence. Historically, its 
connection with the biological sci- 
ences has been slowly established, and 
the full extent and intimacy of that 
connection are only now beginning lo 
be apparent, I trust I have not been 
mistaken in supposing that an attempt 
to give a brief sketch of the steps by 
which a philosophical necessity has 
become an hislotical reality, may not 
be devoid of interest, possibly of in- 
struction, to the members of this 
great Congress, profoundly interested 
as all are in the scientific develop- 
ment of medicine. 

The history of medicine is more 
complete and fuller than that of any 
other science, except, perhaps, astron- 
omy ; and, if we follow back the long 
record as far as clear evidence lights 
us, we find ourselves taken to the 
early stages of the civilization ol 
Greece. The oldest hospitals were 
the temples of jEsculapius ; to these 
Asclepeia, always erected on healthy 
sites, hard by fresh springs and sur- 
rounded by shady groves, the sick 
and the maimed resorted to seek the 
aid of the god of health. Votive tab- 
lets or inscriptions recorded the symp- 
toms, no less than the graiiiude, of 
those who were healed; and, from 
these primitive clinical records, the 
half-priestly, half-philosophic casie of 
the Asclepiads compiled the data 
upon which the earliest gener.iliza- 
tions of medicine, as an inductive 
science, were based. 

In this state, pathology, like all the 
inductive sciences at their Origin, was 
merely natural history; it registered 
the phenomena of disease, classified 
them, and ventured upon a prognosis. 
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perever tlie observation of constant 
^existences and sequences suggest- 
j 0. rational expectation of the like 
feurrence under sini''-- -■ — —-■-■■ 



Further tlian this it hardly went. 
^.fact, in [he then state of knowl- 
, and in the condition of philo- 
)hical speculation at that time, 
I nether the causes of the morbid 
state, nor the rationale of treatment, 
were likely to be sought for as we 
seek for them now. The anger of a 
god was a sufficient reason for the 
existence of a malady, and a dream 
ample warranty for therapeutic meas- 
ures; that a physical phenomenon 
must needs have a physical cause was 
not the implied or expressed axiom 
that it is to us moderns. 

The great man whose name is in- 
separably connected with the founda- 
tion of medicine, Hippocrates, cer- 
tainly knew very little, indeed practi- 
cally nothing, of anatomy or phjsiol- 
; and he would, probably, have 
I perplexed, even to imagine the 
Bsibility of a connection between 
; zoological studies of his contem- 
'rary Democritus and medicine. . 
n'erllieless, in so far as he, and 
who worked before and afler 
) the same spirit, ascertained, 
matters of experience, that a wound, 
I lu](a:ion, or a fever, presented 
I and such symptoms, and that 
return of the patient to health 
faciliialed by such and such 
isures, they established laws of 
re, and began the construction of 
science of patholog}-. Alt true 
lence begins with empiricism — 
■ue science is such exactly, 
it strives to pass out of 
ihc empirical stage into that of the 
deduction of empirical from more 
general truths. Thus, it is not won- 
aerful, that the early physicians had 
little or nothing to do wiih the de- 
velopment of biological science ; and, 
Wi the other hand, that the early 
" tologists did not much concern them- 
ivith medicine. There is noih- 
\ to show that the Asclepiads took 
^ prominent share in the work of 



founding anatomy, physiologj-, zo- 
ology, and botany. Rather do these 
seem to have sprung from the early 
philosophers, who were es^.entially 
natural philosophers, animated by the 
characteristically Greek thirst for 
knowledge as sucii. Pythagoras, Alc- 
meon, DemocriWs, Diogenes of Apol- 
lonia, are all credited with anatomi- 
cal and physiological investigations ; 
and though Aristotle is said to have 
belonged to an Asclepiad family, and 
not improbably owed his taste for 
anatomical and zoological inquiries 
to the teachings of his father, the 
physician Nicomachus, the "Historia 
Animalium," and the treatise " De 
Partibus Animalium," are as free 
from any allusion to medicine as if 
they had issued from a modern bio- 
logical laboratory. 

It may be added, that it is not easy 
to see in what way it could have bene- 
fited a physician of Alexander's lime 
to know all that Aristotle knew on 
these subjects. His human anatomy 
was too rough to avail much in diag- 
nosis; his phvsiolngy was too erro- 
neous to supply data for pathological 
reasoning. But when the Alexandrian 
school, with Erasistratus and Hero- 
philus at their bead, turned to account 
the opportunities of studying human 
structure, afforded to ihem by the 
Ptolemies, the value of the large 
amount of accurate knowledge thus 
obtained to the surgeon for his opera- 
tions, and to the physician for his 
diagnosis of internal disorders, be- 
came obvious, and a connection was 
established between anatomy and 
medicine, which has ever become 
closer and closer. Since the revival 
of learning, surgery, medical diag- 
nosis, and anatomy have gone hand 
in hand. Morgagni called his great 
work, " Dc sedibus et cnusis mor- 
borum per anatomen indagalis," and 
not only showed the way to search 
out the localities and the causes of 
disease by anatomy, but himself trav- 
eled wonderfully far upon the road. 
Bichat, discriminating the grosser 
cousiiluents of the organs and parts 
of the body, one from another, point- 
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I ed out llie direction which modern 
1 research must take; until, at length, 
I faistoJogy, a science of yesterday, as 
I it seems to many of us, has carried 
I the work of Morgagni as far as the 
I microscope can take us, and has ex- 
I tended the realm of pathological aii- 
I atomy to the limits of the invisible 
I world, 

ks to the intimate alliance of 
morphology with medicine, the natu- 
ral history of disease has, at the pres- 
ent day, attained a high degree of 
perfection. Accurate regional anat- 
L oiny has rendered practicable the ex' 
I ploration of the most hidden parts of 
' the organism, and the determination, 
during Hfe, of morbid changes in 
thctn ; anatomical and histological 
post-inorlem investigations have sup- 
plied physicians with a clear basis 
upon which to rest the classification 
of diseases, and with unerring tests of 
the accuracy or inaccuracy of iheir 



could be satisfied with pure 
knowledge, the extreme precision 
with which, ill these days, a sufferer 
maybe told what is happening, and 
what is likely to happen, even in the 
most recondite parts of his bodily 
frame, should be as satisfactory to the 
patient as it is to the scientific paihol- 
ogist who gives him the infonnation. 
But I am afraid it is not; and even 
the practicing physician, while nowise 
underestimating the regulative value 
of accurate diagnosis, must often la- 
ment that so much of his knowledge 
rather prevents him from doing wrong 
than helps him to do right. 

A scorner of physic once said that 
nature and disease may be compared 
to two men fighting, the doctor to a 
blind man with a club, who strikes 
into the meUe, sometimes hitting the 
disease, and sometimes hitting nature. 
The matter is not mended if you sup- 
pose the blind man's hearing to be 
so acute that he can register every 
stage of the struggle, and pretty 
clearly predict how it will end. He 
had better not meddle at all, until hi 



eyes 






■ned— 



the exact position of the antagonists, 



and make sure of the effect of bis 
blows. But that wliich it behoves 
the physician to see, not, indeed, 
with his bodily eye, but with clear, 
intellectual vision, is a process, and 
the chain of causation involved in 
that process. Disease, as we have 
seen, is a perturbation of the normal ■ 
activities of a living body, and it is, 
and must remain, unintelligible, so 
long as we are ignorant of the nature 
of these normal activities. In other 
words, there could be no tea! science 
of pathology until the science of 
physiology had reached a degree of 
perfection unattnined, and indeed un- 
attainable, until quite recent times. 

So far as medicine is concerned, 
1 am not sure that physiology, such 
as it was down to the time of Harvey, 
might as well not have existed. Na:)-, 
it is perhaps no exaggeration to say 
that, within the memory of living 
men, justly renowned practitioners rtf 
medicine and surgery knew less phys- 
iology than is now to be learned 
from the most elementarv text-book; 
and, beyond a few btoad facts, re- 
garded what they did know as of ex- 
tremely little practical importance. 
Nor am I disposed to blame them for 
this conclusion ; physiology must be 
useless, or worse than useless, to 
pathology, so long as its Fundamental 
conceptions are erroneous. 

Harvey is often said to be the foun- 
der of modern physiology ; and there 
can be no question that the elucida- 
tions of the function of the heart, of 
the nature of the pulse, and of the 
course of the blood, put fonh in the 
ever-memorable iiitle essav, " De 
motu cordis," directly worked a revo- 
lution in- men's views of the nature 
and of the concatenation of some of 
the most important physiological proc- 
esses among the higher animals ; 
while, indirectly, their influence was 
perhaps even more remarkable. 

But, though Harvey made this sig- 
nal and perennially important con- 
tribution to the physiology of the mod- 
erns, his general conception of vital 
processes was essentially indenli- 
cal with that of ihe ancients ; and,. 
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" F.xe rci tat i ones de genera- 1 
and notably in the singular 
" Ue calido innalci," he sliows 
himscH a true son of Galen and o£ 
Aristotle. 

For Han-ey, the blood possesses 
powers superior to those o£ the ele- 
ments ; it is the seat of a soul which 
is not only vegetative, but also sensi- 
tive and motor. Tlie blood main- 
tains and fashions all parts of the 
body, " idque summa. cum providentiS. 
elintcllectu in finem certum agens, 
quasi raiiocinio qiiodam uteretur." 

Here is the doctrine of the "pneu- 
ma," the product of the philosophical 
mould into which the animism of 
priniilive men ran in Greece, in full 
force. Nor did its strength abate for 
!on(j after Harvey's time. The same 
ingrained tendency of the human mind 
to suppose that a process is explained 
when It h ascribed to a power of which 
nothing is known except that it is the 
hypothetical agent of the process, 
gave rise, in the next century, to ihe 
animism of Stahl; and, later, to the 
doctrine of a vital principle, that " asy- 
lum ignorautia; " of physiologists, 
which has so easily accounted for 
everything and explained nothing, 
dowri to our own limes. 

Now tlie essence of modem, as 
contrasted with ancient, physiological 
science appears to me to lie in its an- 
tagonism to animistic hypotheses and 
anitnislic phraseology. It offers phys- 
ical explanations of vital phenomena, 
orfrankly confesses that it has none 
to offer. And, so far as I know, the 
first person who gave expression to 
this modern view of physiology, who 
was bold enough to enunciate the prop- 
osition that vital phenomena, Hke all 
the other phenomena of the physical 
world, arc, in ultimate analysis, re- 
solvable into matter and motion, was 
Ren^ Uescarles. 

The fifty-four years of life of this 
most original and powerful thinker 
are widely overlapped, on both sides, 
by the eighty of Harvey, who sur- 
vived his younger contemporary by 
seven years, and takes pleasure in 
aiowledging the French philoso- 



pher's appreciation of his great dis- 
covery. 

In fact, Descartes accepted the 
doctrine of the circulation as pro- 
pounded by " Harveeus m^decin d'An- 
gleterre," and gave a full account of 
*n his first work, Ihe famous " Dis- 
cours de la Melhode," which was 
published in 1637, only nine years after 
the exerciiation " De motu cordis ;'' 
and, though differing from Harvey 
1 some important points (in which it 
ay be noted, in passing, Descartes 
as wrong and Harvey right), he al- 
ways speaks of Iiim with great rot 
;pect. And so important does the 
lubject seem to Descartes, diat he 
turns to it in the "Traill des Pas 
ms," and in the "Trait^ de I'Hom- 

It is easy to see that Harvey's work 
must have had a peculiar significanoi. 
for the subtle thinker, to whom wQ 
owe both the spiritualistic and the 
materialistic philosophies of modem 
times. It. was in the ver)- year of its 
publication, 1628, that Descartes 
withdrew inlo Ihat life of soliiary in- 
vestigation and meditation of which 
his philosophy was the fruit. And, 
as the course of his speculations led 
him to establish an absolute distinc- 
tion of nature between the material 
and the menial worlds, he was logi^ 
cally compelled to seek for the ex- 
planation of the phenomena of the 
material world within itself ; and hav- 
ing allotted Ihe realm of thought to 
the soul, to "see nothing but extension 
and motion in the rest of nature. 
Descartes uses "thought" as the 
equivalent of our modem term " con- 
sciousness." Thought is the func- 
tion of the soul, and its only function. 
Our natural heat and all the move- 
ments of the body, says he, do not 
depend on the sou!. Death does not 
take place from any fault of the soul, 
but only because some of the princi- 
pal parts of the body become corrupt- 
ed. The body of a living man differs 
from that of a dead man in the same 
way as a watch or other automaton 
{that is to say, a machine which movea 
of itself) when it is wound up and has, 
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* in itself, the physical principle of the 
movements which the mechanism is 
adapted to perform, differs from the 
same watch, or other machine, when 
it is broken, and the physical principle 
of its movement no longer exists. All 
the actions which are common to us 
and the lower animals depend only 
on the conformation of our organs, 
and the course which the animal 
spirits take in the brain, the nerves, 
and the muscles ; in the same way as 
the movement of a watch is produced 
by nothing but the force of its spring 
and the figure of its wheels and other 
parts. 

Descartes' " Treatise on Man " is a 
sketch of human physiology, in which 
a bold attempt is made to explain all 
the phenomena of life, except those of 
consciousness, by physical reasonings. 

To a mind turned in this direction, 
Harvey's exposition of the heart and 
vessels as a hydraulic mechanism 
must have been supremely welcome. 

Descartes was not a mere philosophi- 
cal theorist, but a hard-working dis- 
sector and experimenter, and he held 
the strongest opinion respecting the 
practical value of the new conception 
which he was introducing. He speaks 
of the importance of preserving health, 
and of the dependence of the mind on 
the body being so close that, perhaps, 
the only way of making men wiser 
and better than they are, is to be 
sought in medical science. " It is 
true," says he, ** that as medicine is 
now practiced, it contains little that is 
very useful ; but without any desire to 
depreciate, I am sure that there is no 
one, even among professional men, 
who will not declare that all we know 
is very little as compared with that 
which remains to be known ; and that 
we might escape an infinity of diseases 
of the mind, no less than of the body, 
and even perhaps from the weakness 
of old age, if we had sufficient knowl- 
edge of their causes, and of all the 
remedies with which nature has pro- 
vided us." ("Discours de la M^thode," 
6® partie, Ed. Cousin, p. 193.) So 
strongly impressed was Descartes 
with this, that he resolved to spend 



the rest of his life in trying .to acquire 
such a knowledge of nature as would 
lead to the construction of a better 
medical doctrine. (Ibid, 6® partie, Ed. 
Cousin, pp. 193 and 211.) The anti- 
Cartesians found material for cheap 
ridicule in these aspirations of the 
philosopher ; and it is almost needless 
to say that, in the thirteen years which 
elapsed between the publication of 
the ** Discours " and the death of 
Descartes, he did not contribute much 
to their realization. But, for the next 
centur}% all progress in physiology 
took place along the lines which Des- 
cartes laid down. 

The greatest physiological and pa- 
thological work of the seventeenth 
century, Borelli's treatise " De Motu 
Animalium," is, to all intents and 
purposes, a development of Descartes' 
fundamental conception ; and the 
same may be said of the physiology 
and pathology of Boerhaave, whose 
authority dominated in the medical 
world of the first half of the eight- 
eenth century. 

With the origin of modern chemis- 
try, and of electrical science, in the 
latter half of the eighteenth century, 
aids in the analysis of the phenomena 
of life, of which Descartes could not 
have dreamed, were offered to the 
physiologist. And the greater part 
of the gigantic progress which has 
been made in the present century is 
a justification of the prevision of Des- 
cartes. For it consists, essentially, in 
a more and more complete resolution 
of the grosser organs of the living 
body into physico-chemical mechan- 
isms. 

" I shall try to explain our whole 
bodily machinery in such a way, that 
it will be no more necessary for us to 
suppose that the soul produces such 
movements as are not voluntary, than 
it is to think that there is in a clock 
a soul which causes it to show the 
hours." (" De la Formation du Foe- 
tus.") These words of Descartes 
might be appropriately taken as a 
motto by the author of any modem 
treatise on physiology. 

But though, as I think, there is no 
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tloiibt that Descartes was the first lo 
propound ihe fundamental conception 
iif the living body as a physical mech- 
:mism, which is tlie distinctive feal- 
tire of modern, as comrasted with an- 
cient pliysiology, he was misled by 
the natural temptation to carry out, in 
all its details, a parallel between the 
machines with which he was familiar, 
such as clocks and pieces of hydraulic 
apparatus, and the living machine. 
In all such machines there is a central 
source of power, and the parts of the 
machine are merely passive distribu- 
tors of that power. The Cartesian 
school conceived of the living body 
as a inai;hine of this kind ; and herein 
ihey might have learned from Galen, 
who, whatever ill use he may have 
made of the doctrine of " natural fac- 
ulties," nevertheless had the great 
merit of perceiving that local forces 
play a great part in physiology. 

The same truth was recognised by 
Glisson, but it was first prominently 
l>roiight forward in the Hallerian doc- 
trine of the " vis insita " of muscles. 
If muscle can contract without nerve, 
(here is an end of the Cartesian me- 
cliaiiical explanation of its contraction 
by Ihe influx of animal spirits. 

The discoveries of Trembley tended 
in the same direction. In the fresh- 
water Hydra, no trace was to be 
found of that complicated machinery 
upon which the performance of the 
functions in the higher animals was 
supposed to depend. And yet the 
hydra moved, ted, grew, multiphed, 
and ilB fragments, exhibited all the 
powers of the whole. And, finally, the 
work of Caspar F. Wolff, ("Theo- 
ria Generationis," 1759,) by demon- 
strating Ihe fact ihar the growth and 
development of both plants and an- 
imals lake place antecedently to the 
existence of their grosser organs, and 
are, in f,ict, the causes and not the con- 
sequences of organization (as then un- 
derstood), sapped the foundations of 
the Cartesian physiology as a com- 
plete expression of vital phenomena. 

For Wolff, the physical basis of life 
is a fluid, possessed of a "vis essen- 
"" and a " solidescibilitas," in 



virtue of which it gives rise to organ- 
, ization ; and, as he points out, this 
) conclusion strikes at the root of the 
whole iatro-mechanical system. 

In this country, the great authority 
of John Himter exerted a similar in- 
fluence; though it must be admitted 
that the too sibylline utterances which 
] are the outcome of Hunter's struggles 
to define his conceptions are often 
susceptible of more than one interpre- . 
tation. Nevertheless, on some points 
Hunter is clear enough. For exam- 
ple, he is of opinion that '"Spirit is 
only a property of matter" ("Intro- 
duction to Natural Historv," p. 6), he 
is prepared to renounce animism (/. c. 
p. 8), and his conception of life is so 
completely physical that he thinks of 
it as something which can exist in a 
state of combination in the food, 
" The aliment we take in has in it, in 
a fixed state, the real life ; and this 
does not become active until it has 
got into the lungs ; for there it is 
freed from its prison " ('' Observations 
on Physiology," p. 113). He also 
thinks that " It is more in accord with 
the general principles of the animal 
machine to suppose that none of its 
effects are produced from any me- 
chanical principle whatever ; and that 
every effect is produced from an ac- 
I lion in the part ; which action is pfo- 
1 duced by a stimulus Upon the part 
which acts, or upon some other part 
with which this pan sympathizes so as 
to take up the whole action " (/. c. p. 
152). 

And Hunter is as clear as Wolff, 
with whose work he was probably un- 
acquainted, that "whatever life is, 
it most certainly does not depend 
I upon structure or organization " (/. c, 
I p. 114). 

Of course it is impossible that 
Hunter couid have intended !o deny 
the existence of purely mechanical 
operations in the animal body. But 
while, with Borelli and Boerhaave, he 
looked upon absorption, nutrition, 
and secretion as operations effected 
by means of the small ves.sels, he dif- 
fered from the mechanical physiolo- 
gists, who regarded these operations 
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as the result of the mechanical prop- 
erties oE the small vessels, such as 
the sue, form, and disposition of theit 
canals and apertures. Hunter, on 
the contrary, considers them to be 
the effect of propenies of these ves- 
sels which are not mechanical but vi- 
tal. "The vessels," says he, "have 
more of the polypus in them than any 
other part of the body," and he talks 
of the " living and sensitive principles 
of the arteries," and even of the " dis- 
positions or feelings of tlie arteries." 
" When the blood is good and genu- 
ine tlie sensations of the arteries, 
or the dispositions for sensation, are 
agreeable. . . . It is then they dispose 
of the blood to the best advantage, 
increasing the growth of the whole, 
supplying any losses, keeping' up a 
due succession, etc." (/. c. p. 133). 

If we follow Hunter's conceptions 
to their logical issue, the life of one 
of the higher animals is essentially 
the sura of tlie lives of all the v 
each of whicii is a sort of phy 
ical unit, answering to a polype ; and, 
as health is the result of Ihe normal 
" action of tiie vessels," so is disease 
an effect of their abnormal action, 
Hunter thus stands in thought, as in 
lime, midway between Borelli on the 
one hand, and Bichat on the other. 

The acute founder of general an- 
atomv, in fact, outdoes Hunter in his 
desire to exclude physical reasonings 
from the realm of life. Except in 
the interpretation of the action of the 
sense organs, he will not allow physi 
to have anything to do with physii 
ogy. 

" To apply the physical sciences to 
physiology is to explain the phe- 
nomena uE living bodies by the law 
of inert bodies. Now tliis Is a false 
principle, hence all its consequences 
^re marked with the same stamp 
Let us leave to' chemistry its affinity , 
to physics, its elasticity and its gravity. 
Let us invoke for phvsiology only 
sensibility and contractility." ("An- 
atomic g^n^rale," i. p. liv.) 

Of all the unfortunate dicta oE men 
of eminent ability this seems one of 
most unhappy, when we think of 



what the application of the methods 
and the data of physics and chemistry 
has done toward bringing physiology 
into its present state. It is not 100 
much to say that one half ofa modern 
text-book of physiology consists of ap- 
plied physics and chemistry ; and that 
it is exactly in the exploration of the 
phenomena of sensibility and con- 
tractility that physics and chemistry 
liave exerted the most potent influ- 
ence. 

Nevertheless, Bithnt rendered a 
solid service to physiological progress 
by insisting upon the fact that what we 
call life, in one of the higher animals, 
is not an indivisible unitary archffiua 
dominating, from its central seat, the 
parts of the organism, hut a com- 
pound result of the synthesis of the 
separate lives of those parts. 

"All animals," says he, "are as- 
semblages of different organs, each of 
which performs its function and con- 
curs, after its fashion, in ihe pieser. 
vation of the whole. They are so 
many special machines in Ihe general 
machine which constitutes the in- 
dividual. But each of these special 
machines is itself compounded of 
many tissues of very different natures, 
which in truth constitute the elements 
of those organs " (/. f. Ixxix.). " The 
conception of a proper vitality is 
applicable only to these simple tissued 
and not to (he organs themselves " (/, 
r. l,:«iv.). 

And Bichat proceeds to make the 
obvious application of this doctrine of 
■ synthetic life, if I may so call it, to 
palhology. Since diseases are only 
alterations of vital properties, and the 
propertie.s of each tissue are distinct 
from those of the rest, it is evident 
that the diseases of each tissue must 
be different from those of ihe rest. 
'i'herefore. in any organ composed of 
different tissues, one may be diseased 
and the other remain healthy ; und 
this is what happens in most cases 
(/. c. Ixxxv,) 

In a spirit of true prophecy, Bichat 
says, " We have arrived at an epoch, 
in which pathological anatomy should 
start afresh." For, as the analysis of 
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ftorgans had led him to the tissues, 
! physiological units of the or- 
II ; so, in a succeeding gener- 
the analysis oE the tissues led 
to the cell as ihe physiological ele- 
ment of the tissues. The coniempo- 
raneous study of deveiopment brought 
out tile same result ; and the zoolo- 
gists and botanists, exploring the sim- 
plest and the lowest forms of animat- 
ed beings, confirmed the great induc- 
tion of the cell theory. Thus the ap- 
parently opposed views, which have 
beciibnitling with one another ever 
since the middle of the last century, 
have proved to be each half the earth. 
The proposition of Descartes that 
ihe body of a living man is a machine, 
the actions of which are explicable by 
ihe known laws of matter and motion, 
is unquestionably largely true. Bm 
it is also true, that the living body is 
it synlhesis of innumerable physiolog- 
ical elements, each of which may 
nearly be described, in Wolff's words, 
I fluid possessed 



tialis 



iolidescibiliti 



modern phrase, as protoplasm sus- 
plible of structural metamorphosis 

i functional metabolism ; and that 
only machinery, in ihe precise 

ae in which (he Cartesian school 
raderslood mechanbm, is that which 
co-ordinates and regulates these physi- 
ological units into an organic whole. 

In fact, the body is a machine of 
the nature of an army, not of that of a 
watch or of a hydraulic apparaius. 
Of thisarmv each cell is a soldier, an 
organ, a brigade, the central nervous 
system headtjuarters and field tele- 
graph, the alimentary and circulatory 



syst 
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made good by recruits born in camp, 
and the life of the individual is a cam- 
paign, conducted successfully for a 
number of years, but with certain de- 
leal in the long run. 

The efficacy of an army, at any 
given moment, depends on the health 
1 1 of the individual soldier, and on the 
-tion of the machinery by which 
led and brought iuto action at 
Iproper time ; and, therefore, i£ the 
jr holds good, there can be only 
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two kinds of diseases, the one depend- 
ent on abnormal states of the physio- 
logical units, the other on periurba- 
ti<ms of their coordinating and ali- 
mentative machinery. 

Hence, the establishment of the cell 
theory, in nonnnl biology, was swiftly 
followed by a "cellular pathology," 
as its logical counterpart. I need not 
remind you how great an instrument 
of investigaiion this doctrine has 
proved iu the hands of the man of 
genius to whom iis development is 
due, and who would probably be the 
last to forget that abnormal conditions 
of the co-ordinative and distributive 
machinery of the body are no less 
important factors of disease. 

Henceforward, as it appears to me, 
the connection of medicine with the 
biological sciences is clearly defined. 
Pure pathology is that branch of biol- 
ogy which defines the particular per- 
turbation of cell-life, or of the co-or- 
dinating machinery, or of both, on 
which the phenomena of disease 
depend. 

Those who arc conversant with the 
present stale of biology will hardly 
hesitate lo admit that the conception 
of the life of one of the higher ani- 
mals as the summation of the lives of 
"" aggregate, brought into harmo- 
action bv a co-ordinalive ma- 
chinery formed by some of these cells, 
constitutes a permanent acquisition 
of physiological science. But the last 
form of the battle between the animis- 
tic and the physical views of life is 
seen in the coniention whether the 
physical analysis of vital phenomena 
can be carried beyond this point or 
not. 

There are some lo whom living 
protoplasm is a substance, even ^uch 
as Han'ey conceived the blood to be, 
"summS cum providentii etintellectu 
in finem certom agens.' quasi ratiocinio 
quodam ; " and who look with as little 
favor as Bichal did, upon any attempt 
to apply the principles and the meth- 
ods of physics and chemistry to the 
investigation of the vital processes of 
growth, metabolism, and contractility. 
They stand upon the ancient ways; 
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only, in accordance wiih that progress 
toward democracy, which a great 
political writer has declared to be the 
fatal characteristic of modern times, 
they substitute a republic formed by 



all-perv 



" for the 



iupported 



, few hi 
monarchy of thi 
ma." 

Others, on the conlrar 
by a robust faith in the t 
plicability of the principles laid down 
by Descartes, and seeing that the 
actions called "vital " are. so far as 
we have any means of knowing, noth- 
ing but changes of place of particles 
of matter, look to molecular physics 
to achieve the analysis of the living 
protoplasm itself into a molecular 
mechanism. If there is any truth in 
the received doctrines of physics, that 
contrast between living and inert 
matter, on which Bichat lays so much 
stress, does not exist. In nature, 
nothing is at rest, nothing is amor- 
phous; the simplest particle of that 
which men in their blindness are 
pleased to call " brute matter" is a 
vast aggregate of molecular mechan- 
isms performing complicated move- 
ments of immense rapidity, and sen- 
sitively adjusting themselves to every 
change in the surrounding world. 
Living matter differs from other 
matter in degree and not in kind ; th» 
microcosm repeats the macrocosm . 
and one chain of causation connects 
the nebulous original of suns and 
planetary systems with the protoplas- 
mic foundation of life and organiza- 
tion. 

From this point of view, pathology 
is the analogue of the theory of per- 
turbations in astronomy; and thera- 
peutics resolves itself into the dis- 
covery of the meains by which a system 
of forces competent to eliminate any 
given perturbation may be introducecl 
into the economy. And, as pathology 
bases itself upon norma! physiology, 
so therapeutics rests upon pharma- 
colog)' : which is, strictly speaking, a 
part of the great biological topic of 
the influence of conditions 
living organism, and has no scientific 
foundation apart from physiology. 



It appears to me that there is no 
are hopeful indication of the prep- 
ress of medicine toward the ideal of 
Descartes than is to be derived from 
comparison of the slate o[ pharma- 
cology, at the present day, with that 
hich existed forty years ago. If we 
onsider the knowledge positively 
cquired, in (his short time, of the 
modus operaiuli of urari, of atropia, of 
physostigmin, of veratria, of casca, of 
strychnia, of bromide of potassium, of 
phosphorus, there can surely be no 
ground for doubting that, sooner or 
later, the pharmacologist will supply 
the physician with the means of affect- 
in any desired sense, the func- 
5 of any physiological element of 
the body. It will, in short, become 
possible to introduce into the economy 
molecular mechanism which, hke 
very cunningly-contrived torpedo, 
shall find its way to some particular 
group of living elements, and cause 
an explosion among them, leaving 
the rest untouched. 

The search for the explanation of 
diseased states in modified cell-life; 
the discovery of the important part 
played by parasitic organisms in the 
[Etiology of disease: the elucidation 
of the action of medicaments by the 
methods and the data of experimental 
physiology ; appear to me to be the 
greatest steps which have ever been 
made toward the establishment of 
medicine on a scientific basis, 
need hardly say they could not have 
been made except for the advance of 
normal biology. 

There can be no question, then, 
to the nature or the value of the con- 
nection between medicine and ihc 
biological sciences. There can be 
no doubt that the future of pathology 
and of therapeutics, and, therefori^ 
that of practical medicine, depend' 
upon the extent to which those whti 
occupy themselves with these subjects 
are trained in the methods and im 
p regn ate d with the fundamental truth! 
of biology. 

And, in conclusion, I venture K 
suggest that the collective sagacity ol 
this Congress could occupy itself '" 
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no more important qiiesiion than wiili 
this : How is medical education to be 
arraaged, so that, without entan;!;ling 
the student in those details of the 
s)re temat is t which are valueless to him. 
he may be enabled to obtain a tirtn 
grasp o£ the great truths respecling 
animal and vegeiable life, witliout 
whicil, notwithstanding ail the prog- 
ress of scientific medicine, he will 
Still find himsejf an empiric ? 



h 



JOSEPH PRIESTLEY. 



If the man to ]5erpetiiaie whose 
memory we have ibis day raised a 
statue had been asked on wbat part 
of his busy hfe's work be set the high- 
est value, he would undoubtedly have 
pointed lo bis voluminous contribu- 
tions to theologv. In season and out 
of season, he was the steadfast cham- 
pion of ibat hypothesis respecting the 
Divine nature which is termed Unita- 
rianism by ils friends and Socinianism 
by its foes. Regardless of odds, he 
was ready to do battle with all coiners 
in that cause ; and if no adversaries 
entered the lists, he would sally forth 
to seek them. 

To this, his highest ideal of duty, 
Joseph Priestley sacrificed the vulgar 
pKies of life, which, assuredly, were 
within easy reach of a man of his 
singular energy and varied abilities. 
For ibis object, he put aside, as of 
secondary importance, those scientific 
investigations which he loved so well, 
and ill which be showed himself so 
competent to enlarge die boundaries 
of natural knowledge and to win 
fame. In this cause, he not only 
cheerfully suffered obloquy front the 
bigoted and the unthinking, and came 
within sight of martyrdom; but bore 
with that which is much harder to be 
borne than all these, the unfeigned 
astonishment and hardly disguised 
contempt of a brilliant society, com- 
d of men whose sympathy and 
■m must have been most dear to 



him, and to whom it was simply in- 
mprehensible that a philosopher 
ould seriously occupy himself with 
y form of Christianity, 
It appears to me that the man who, 
iting before himself such an idea! 
of life, acted up to it consistently, is 
worthy of the deepest respect, what- 
ever opinion may be entertained as to 
the real value of the tenets which he so 
zealously propagated and defended. 

But I am sure that I speak not only 
for myself, but for all this assem- 
blage, when I say that our purpose 
to-day is to do honor, not to Priestley, 
the Unitarian divine, but to Priestley, 
the fearless defender of rational free- 
dom in thought and in action ; to 
Priestley, the philosophic thinker; lo 
ibat Priestley who held a foremost 
place among " the swift runners who 
hand over the lamp of life," and 
transmit from one generation to an- 
other the fire kindled, in the child- 
hood of the world, at the Promethean 
altar of Science. 

The main incidents of Priestley's 
life are so well known that 1 need 
dwell upon them at no great length. 

Born in 1733, at Fieldhead, near 
Leeds, and brought up among Calvi- 
nists of the straitest orthodoxy, the 
boy's striking natural ability led to 
his being devoted to the profession of 
a minister of religion; and, in 1752, he 
was sent to the Dissenting Academy 
at Daventry — an institution which au- 
thority left undisturbed, though its ex- 
istence contravened the law. The 
teachers underwhose inslruclion and 
influence the young man came at Dav- 
entry, carried out to the letter the in- 
junction to " try all things : hold fast 
that which is good," and encouraged 
the discussion of every imaginable 
proposition with complete freedom, the 
leading professors taking opposite 
sides ; a discipline which, admirable as 
it maybe from a purely scientific point 
of view, would seem to be calculated 
to make acute, rather than sound, di- 
vines. Priestley tells us, in his " Auto- 
biography," that he generally found 
himself on the unorthodox side : and 
as he grew older, and bis faculties at- 
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lained their maturity, tli is native tend- 
ency toward heterodoxy grew wiih his 
"' and strengthened with bis 
itrengiii. He passed from Calvinism 
to Arianism ; and finally, in middle 
life, landed in that very broad form of 
Unitarianism, by which his craving 
after a credible and consistent theory 
of things was satisfied, 

On leaving Daveniry, Priesiiey be- 
came minister of a. congregation, first 
at Needham Market, and secondly at 
Nantwich ; but whether on account of 
his heterodox opinions, or of the 
stuttering which impeded his expres- 
sion of ihem in the pulpit, little suc- 
cess attended his efforts in this ca- 
pacity. In 1761, acareer much more 
suited to his abilities became open to 
him. He was appointed " tutor in the 
languages" in the Dissenting Academy 
at Warrington, in which capacity, be- 
sides giving three courses of lectures, 
he taught Latin, Greek, French, and 
Italian, and read lectures on the The- 
ory of Language and Universal 
Grammar, on Oratory, Philosophical 
Criticism, and Civil law. And it is in- 
teresting to observe that, as a teach- 
er, he encouraged and cherished in 
those whom he instructed, the freedom 
which he had enjoyed, in his own stu- 
dent days, at Daventry. One of his 
pupils tells us that, 

"At the conclusion of his lecture, he al- 
ways encouraged his atiidenls to express 
their Bcntimenla relative lo die subject of il, 
and to urge any objectiona to what lie had de- 
livered, without reserve. It pleased him 
when any one commenced such a conversa- 
tion. In order lo excite the free.<t discussion, 
he occasionally invited the students to drink 
tea with him, m order lo canvass the subjects 
of his lectures, I do not recollect that he 
ever showed the least displeasi 
Strongest objections that were made to what 
he delivered, but I distinctly remember thi 
smile of approbation with which he usually 
received them ; nor did he fail to point oat, 
in a very encouraging manner, the ingenuity 
or force of any remarks that were made, 
when they merited these characters. Hia ob- 
ject, as well as Dr. Aikin's, was to engage the 
students to examine and decide for ihem- 
Klves, uninfluenced by the sentiments of any 
other persons." (" Life and Correspondence 
«f Dr. PricslIcy," by J. T. Rutt. Vol. i. p. 50.) 

It would be difficult to give a better 



description of a model teacher than 

that conveyed in these words. 

From his earliest days, Priestley had 

shown a strong bent toward the study 

■e ; and his brother Timothy 

hat the boy put spiders into 

bottles to see how long they would live 

the same air^ — a curious aniidpa- 
tion of the investigations of his later 
years. At Nantwich, where he set up 
a school, Priestley informs us that he 
bought an air pump, an electrical ma- 
chine, and other instruments, in the 
use of which he instructed his schol- 
ars. But he does not seem to have 
devoted himself seriously to physical 
science until 1766, when he had the 
great good fortune lo meet Benjamin 
Franklin, whose friendship he ever 
afterward enjoyed. Encouraged by 
Franklin, he wrote a " History of 
Electricity," which was published in 
1767. and .appears to havt; met with 
considerable success. 

In the same year, Priestley left 
Warrington to become the minister of 
a congregation at Leeds; and, here, 
happening to live next door to a pub- 
lic brewery, as he says, 

first, amused myself with making ex- 
periments on the fixed air which I found ready- 
de in the process of fermentation. When 
amoved from that house I was under the 
lesslty cif making lixed air for myself ; and 
; experiment leading to another, as I have 
distinctly and faithfully noted iu my various 
publications on the subject, I by degrees con- 
trived a convenient apparatus for the pup 
pose, but of the cheapest kind. 

" When I began these experiments I knew 
very little of eiemisiry, and had, in a manner, 
no idea on the subject before 1 attended a 
course of chemical lectures, delivered in the 
Academy at Warrington, by Dr. Turner at 
Liverpool. But I have often thought tha^ 
upon the whole, this circumstance was no 
disadvantage to me ; as, in this situation, I 
was Ted to devise an apparatus and processes 
of my own, adapted to mv peculiar viem; 
whereas, if I had been previously accostomed 
10 the usual chemical processes, 1 should not 
have so easily thought of any other, and witb- 
modes of operalion, I should hardhr 



The first outcome of Priestley's 
chemical work, publishedin 1773, was 
of a very practical character. He di»- 
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:] the way of impregnating water 
if " fixed air," or car- 
acid, and tliereby producing 
what we now know as " soda water " 
iturally, and still more 
to artilicially, tliirsty souls which those 
whose parched throats and liol heads 
are cooled by liiorining draughts of 
that beverage, cannot too greatfully 
acknowledge. In the same year, 
Priestley communicated the extensive 
series of observations which his in- 
dustry and ingenuity had accumulated, 
ia the course of four years, to the 
Royal Society, under the title of " Ob- 
servations on Different Kinds of Air " 
— a raemoir which was justly regarded 
of so much merit and importance, 
that the Society at once conferred 
upon the author [be highest distinc- 
tion in their power, by awarding him 
the Copley Medal, 

In 1771 a proposal was made to 
Priestley to accompany Captain Cook 
io his second voyage to the South 
Seas. He accepted il, and his con- 
gregation agreed to pay an assistant to 
supply his place during his absence. 
But the appointment lay in tlic hands 
of the Board of Longitude, of which 
certain clergymen were members ; and 
whether these worthy ecclesiastics 
feared that Priestley's presence among 
the ship's company might expose his 
Majesty's Sloop Jissolution to the fate 
which aforetime befell a certain ship 
that went from Joppa to Tarshish ; or 
whether they were alarmed lest a So- 
clnian should undermine that piety 
which, in the days of Commodore 
Trunnion, so strikingly characterized 
sailors, does not appear, but, at any 
rate, they objected to Priestley " on 
account of his religious priiiciples," 
and appointed the two Forsters, whose 
"religious principles," if they had been 
known to these well-meaning but not 
far-sighied persons, would probably 
have surprised them. 

In 1772 another proposal was made 
10 Priestley. Lord Shelburne, desir- 
ing a " literary companion," had been 
brought into communication with 
Priestley by the good offices of a friend 
" both, Dr. Price ; and offered him 



the nominal post of librarian, with a 
good house and appointments, and an 
annuity in case of the lerminalion of 
the engagement. Priestley accepted 
the offer, and remained with Lord 
Shelburne (or seven years, sumttimes 
residing at Calne, soniclini;:s travel- 
ing abroad with the Earl. 

Why the connection terminated has 
never been esaclly known ; but it is 
certain that Lord Shelburne behaved 
with the utmost consideration and 
kindness (oward Priestley, that he 
fulfilled his engagements to the letter ; 
and that, at a later period, he ex- 
pressed a desire that Priestley should 
return to his old fooling in his house. 
Probably enougli, the politician, as- 
piring 10 the highest offices in the 
state, may have found the position of 
the protector of a man who was being 
denounced all over the country as an 
infidel and an atheist somewhat em- 
barrassing. In fact, a passage in 
Priestley's " AntobiograpUy " on the 
occasion of tlif publication of his 
" Disquisitions relating to Matter and 
Spirit," which took place in 1777, in- 
dicates pretty clearly the stale of the 



" I [36) It being probable that this pulilica- 
tion would be unpopular, and might be Ihe 
raeauB of bringing gdium on my patron, sev- 
eral attempts were made by his friends, 
thougli none by himself, lo diasuade me frum 
persisting in il. But being, aa I thought, en- 
gaged in Ihc cause of important truth, 1 jiro 
ceeded without regard t " 






Iship." 



^^^K)II 



It is not unreasonable to suppose 
that his lordship, as a keen, practical 
man of the world, did not derive much 
satisfaction from tins assurance. The 
"evident marks of dissatisfaction" 
which Priestley says he first perceived 
in his patron in 1778, may well have 
arisen from the peer's not unnatural 
uneasiness as to what his domesti. 
cated, but not tamed, philosopher 
might write next, and what storm 
might thereby be brought down on his 
own head; and it speaks very highly 
for Lord Shelburne's delicacy that, in 
the midst of such perplexities, be 
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made not the least attempt to inter- 
fere with Priestley's freedom of action. 
In 1780, however, he intimated to Dr. 
Price that he should be glad to estab- 
lish Priesilev on his Irish estates: 
the suggestion was interpreted, as 
Lord Sheiburue jjrobably intended it 
should be, and Priestley left him, ihe 
annuity of £t$o a year, which had 
been promised in view of sucii a con- 
tingency, being punctually paid. 

After leaving Calne, Priestley spent 
some little time in London, and then, 
having settled in Birmingham at the 
desire of his brother-in-law, he was 
soon invited to become the minister 
of a large congregation. This settle- 
ment Priestley considered, at the time, 
to be "the happiest event of his life." 
And well he might think so; for it 
gave him competence and leisure; 
placed him within reach of the best 
makersof apparatus of the day ; made 
him a member of that remarkable 
"Lunar Society," at whose meetings 
he could exchange thoughts with such 
men as Watt, Wedgewood, Danvin, 
and Boullon ; and threw open to him 
the pleasant house of [he Gallons of 
Barr, where these men, and others of 
less note, formed a societv of excep- 
tional charm and intelligeu'ce.* 

But these halcyon days were ended 
by a bitter storm. The French Rev- 



*See "The Life of Mary Annc Schimmcl- 
penninck." Mrs. SchimmcipennincklnAGal- 
ton) remembered Priestley very well, and her 
description o£ liim ia worth quotation : — " A 
man of admirable simplicity, gentleness and 
kindness of heart, united with great acute- 
ness of intellect. I can never forget the im- 
proasion produced on me by [he serene ex- 
pression of his countenance. He, indeed, 
seemed present with God by recollection, 
and with man by cheerfulness. I remember 
that, in the assembly of these distinguished 
men, among whom Mr, Boulton, by his 
noble manner, his fine countenance (which 
much resembled that of Louis XIV.), and 
princely muniiicence, stood pre-eminently as 
the great Mecarnasj even as a child, I used 
Id feel, when Dr, Priestley entered after him, 
that Ihe glorv of the one was lerreatria!, that 
of the other celestial ; and utterly far as 
I am removed from a belief in the sufficiency 
of Dr. Priestley's theological creed, I cannot 
but here record this evidence of the ctenial 
power of any portion of the truth held in its 



olution broke out. An electric shock 
ran through the nations; whatever 
tliere was of corrupt and retrograde, 
and at the same time, a great deal of 
what there was of best and noblest. 
in European society shuddered at the 
outburst of long-pent-up social fires. 
Men's feelings were excited in a way 
that we, in this generation, can hardly 
comprehend. Party wrath and virti- 
lence were expressed in a manner un- 
paralleled, and it is to be lioped im- 
possible, in our times ; and Priestley 
and his friends were held up to public 
scorn, even in Parliament, as foment- 
ers of sedition. A '• Church-and- 
King" cry was raised against the Lib- 
eral Dissenters; and, in Birmingham. 
it was intensified and specially di- 
rected toward Priestley by a local con- 
troversy, in which he had engaged 
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of the taking of the Bastille by a pub- 
lic dinner, with which Priestley had 
nothing whatever to do, gave the ^g- 
nal to the loyal and pious mob, who, 
unchecked, and indeed to somu ex- 
tent encouraged, by those who ivert- 
responsible for order, had the town at 
their mercy for three davs. The 
chapels and houses of the leading 
Dissenters were wrecked, and Priest- 
ley and his family had lo fly for their 
lives, leaving librarj-, apparatus, 
papers, and all their possessions, a 
prey to the flames. 

Priestley never returned to Bir- 
mingham. He bore the outrages and 
losses inflicted upon him with extreme 
patience and sweetness,* and betook 
himself to London. But even his 
scientific colleagues gave* him a cold 
shoulder; and though he was elecied 
ister of a congregation at Hacli- 
ney, he felt his position lo be inM- 
cure, and finally determined on cnv- 
gratiug to the United Stales. Hu 

Zven Mrs. Priestley, who might be fur- 
I for regarding the destroyers of hci 
household godawith some asperity. conlcnU 
herself, in «Titing to Mrs. BarbaulJ, wilh llic 
sarcasm [hat the Uirmiogham people "vriil 
scarcely find so many respectable character*. 
- second time, lo make a bonfire of," 
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America in 1794; lived 
y with his sons at North umber- 
Eod, in Pennsylvaria, where his pos- 
terity still flourished ; and, cluar- 
Jieaded and biisv to the last, died on 
^J^eih of February, 1804. 
^^^^Bich were the conditions under 
^^^Hh Joseph Priestley did the work. 
^^^^^^ lay before him, and then, as 
^^Pftjorse Sagas say, went out of the 
"^tory. The work itself was of the 
most varied kind. No human interest 
was without its attraction for Priest- 
ley, and few men have ever had so 
many irons in the fire at once ; but, 
though he may have burned his fin- 
gers a little, very few who have tried 
that operation have burned their fin- 
gers so little. He made admirable 
discoveries in science ; his philosoph- 
ical treaiises are still well worth read- 
ing ; his political works are full of in- 
sight and replete with the spirit of free- 
dom ; and while alt these sparks flew off 
from his anvil, the controversial ham- 
mer rained a hail of blows on ortho- 
dox priest and bishop. While thus 
engaged, the kindly, cheerful doctor 
felt no more wrath or uncharitable- 
ness toward his opponents than a 
smith does toward his iron. But if 
^^W^iron could only speak! — and the 
|BB^^ts and bishops took the point ot 
^^^^K of the 

^^^^^po doubt what Priestley's friends 
^^MP^tcdly urged upon him — -ihat he 
^^Nfculd have escaped the heavier trials 
of his life and done more for the ad- 
vancement of knowledge, if he had 
confined himself to his scientific pur- 
suits and let his fellow-men go iheir 
way — was true. But it seems to have 
been Priestley's feeling that he was a 
man and a citizen before he was a 
philosopher, and that the duties of the 
two former positions are at least as 
"" jerative as those of the latter. 
reover, there are men (and I think 
filtley was one of them) to whom 
■satisfaction of throwing down a 
Rnphant fallacy is as great as that 
hich attends the discovery of a new 
inith ; who feci better satisfied with 
[^e government of the world, when 
f have been helping Providence by 



knocking an imposture on the bead ; 
and who care even more for freedom 
of thought than for mere advance of 
knowledge. These men are the Car- 
nots who organize victory for truth, 
and they are, at least, as important as 
the generals who visibly fight lier bat- 
tles in the field. 

Priestley's reputation as a man of 
science rests upon his numerous and 
important contributions to the chem- 
istrj' of gaseous bodies ; and to form 
a just estimate of the value of his 
work — of ihe extent to which it ad- 
vanced the knowledge of fact and the 
development of sound theoretical 
views— we must reflect what chemistry 
was in the first half of the eighteenth 
centur)'. 

The vast science which now passes 
under that name had no existence. 
Air, water, and fire were still counted 
among the elemental bodies; and 
though Van Heiraont, a century 
before, had distinguished different 
kinds of air as gas ventosum and gas 
sylvestre, and Boyle and Hales had 
experimentally defined the physical 
properties of air, and discriminated 
some of the various kinds of aeriform 
bodies, no one suspected the exist- 
ence of the numerous totally distinct 
gaseous elements which are now 
known, or dreamed that the air wc 
breathe and the water we drink are 
compounds of gaseous elements. 

But, in 1754, a young Scotch phy- 
sician. Dr. Blank, made the first clear- 
ing in this tangled back wood of 
knowledge. And it gives one a won- 
derful impression of the juvenility 
of scientific chemistry to think that 
Lord Brougham, whom so many of us 
recollect, attended Black's lectures 
when be was a student in Edinburgh. 
Black's researches gave the world the 
novel and startling conception of a 
gas that was a permanently elastic 
fluid like air, but that differed from 
common air in being much heavier. 
verj' poisonous, and in having the 
properties of an acid, capable of neu> 
tralizing the strongest alkalies; and 
it took the world some time to become 
accustomed to the notion. 
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A dozen years later, one oE the 
m-ist sagacious and accurate invesii- 
galors who has adorned this, or any 
other, country, Henry Cavendish, pui>- 
lUhud a memoir in the " Philosophical 
Transactions," in which he deals not 
only with the " fixed air " (now called 
carbonic acid or carbonic anhydride) 
of Black, but with " inflammable air," 
or what we now letm hydrogen. 

By the rigorous application of 
weight and measure to alt his proc- 
csm:s, C.ivcndish implied the belief 
subscq lie inly formulated by Lavoi- 
sier, that, in chemical processes, mat- 
ter is neither created nor destroyed, 
and indicated the path along which 
all future explorers must travel. Nor 
did he himself halt imtil this path led 
him, in 17S4, to the brilliant and fun- 
damental discovery that water is com- 
posed of two gases united in fixed and 
constant proportions. 

It is a trying ordeal for any man to 
be compared with Black and Caven- 
dish, and Priestley cannot be said to 
stand on their level. Nevertheless, 
his achievements are not only great 
in themselves, but truly wonderful, if 
wo consider the disadvantages under 
which he labored. Without the care- 
ful scientific training of Black, without 
the leisure and appliances secured by 
the wealth of Cavendish, he scaled 
the walls of science as so many Eng- 
lishmen have done before and since 
his day ; and trusting to mother wit 
to supply the place of training, and 
to ingenuity to create apparatus out 
of washing tubs, he discovered more 
new gases than all hia predecessors 
put together had done. He laid the 
foundations of gas analysis ; he 
dlscoveied the complementary actions 
of aninial and vegstable life upon 
the consiitucnts of the atmosphere; 
and, finally, he crowned his work, 
this d;iy one hundred years ago, by 
the discovery of that "pure dephlo- 
gisticaied air " to which the French 
chemists subsequently gave the name 
of osygcn. Its imponance, as the 
constiiueni of ibe atmosphere which 
disappears in the processes of 
respiration and combustion, and b re- 



stored by green plants growing in sun- 
shine, was proved somewhat later. 
For these brilliant discoveries, (be 
Koval Society elected Piiesiley a fel- 
low and gave him their medal, while 
the Academies of Paris and St. Peters- 
burg conferred their membership 
upon him. Edinburgh had made him 
an honorary doctor of laws at an early 
period of his career ; but, I need 
hardly add, that a man of Priesiley's 
opinions received no recognition 
from the universities of his own coun- 
try. 

That Priestlev's contributions (o the 
knowledge of cliemical fact were of 
the greatest importance, and that they 
richly deserve all the praise that lias 
been awarded to them, is unc|uesiion- 
able ; but it must, at the same time, 
be admitted that he had no compre- 
hension of the deeper signilicance of 
his work i and,' so far from contribut- 
ing anything to the theory of the 
facts which he discovered, or assist- 
ing in their rational explanation, his 
influence to the end of his life was 
warmly exerted in favor of crtor. 
From first to last, he was a stiiiE adhe- 
rent of the phlogiston doctrine which 1 
was prevalent when his studies com- 
menced ; and, by a curious irony of 
fate, the man who by the discovery of 
what he called " dephlogisiicated air " 
furnished the essential datum for 
the true theory of combustion, of res- 
piration, and of the composilion of 
water, to the end of his days fought 
against the inevitable corollaries from 
his own labors. His last scientific 
work, published in 1800. be.irs the 
lille, 'The Doctrine of Phlogiston es- 
tablished, and that of the Composition 
of Water refuted." 

When Priestley commenced his ■ 
studies, the current belief was, that 
atmospheric air, freed from accidental 
impurities, is a simple elementary sub- ! 
stance, indestnictlble and unBlteraMe.l 
as water was supposed to be. When a i 
combustible burned, or when au ani- 
mal breathed in air, it was supposed 
that a substance, "phlogiston," the 
matter of heat and tight, p.isscd from 
the burning or breathing body into it. 
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fttlestroyed its powers of support- 
1 combustion. Thus, air 
a vessel in wliich a 
liail gone out, or a liv- 
ing animal had brcatlied until it could 
brijaih no longer, was called " phlo- 
gisiicated." The same result was 
Supposed to be brouglit about by the 
addition of what Priestley called " ni- 
trous gas "to common air. 

In the course of liis researches, 
Priestley found that llie quantity of 
common air wliich can thus become 
"phlogisticatcd," amounts to about 
one-fifth the volume of the whole 
quantity submitted to ex|Mriment. 
Uciice it appeared that common air 
consiste, to the extent of four-liflhs of 
its volume, of air which is already 
" phlosiiticaled ; " while ibe other 
fifth is free from phlogiston, or 
" dephlogisiicated," On the other 
hand, Priestley found that air " phlo- 
gisiicated " by combustion or respira- 
tion could be "dephlogisiicaicd," or 
have the properties o£ pure common 
air restored to it, by the action of 
green planls in sunshine. The ques- 
tion, therefore, would naturally arise — 
as common air can be wholly phlogis- 
ticated by combustion, and converted 
into a substance which will no longer 
support combustion, is it possible to 
get air that shall be less phlogisticaled 
than common air, and consequently 
support combustion better than com- 
mon air does ? 

No*, Priestley says that, in 1774, 
the possibility of obtaining air less 
phlogisticaled than common air had 
not occurred to him. (•' Experiments 
and Ohser\-aiions on DifTereut Kinds 
of Air, vol. ii. p. 31.) But in pursu- 
ing his experiments on the evolution 
of air from various bodies by means 
of heat, it happened that, on the ist 
of August, 1774, he threw the heat 
of the sun, by means of a large burn- 
ing glass which he had recently ob- 
tained, upon a substance which was 
then called mircuriui ealdnatus per se, 
und which is commonly known as red 
precipitate. 

^ I presently found ihat, by mcaHs of this 
^L. ,i, .„., expelled from it very readily. 




' Havinggoi about ttu^eor four timesas much 
as the bu!kofmyniaterialB,l admitted »ater 
to i;, and found that it wai nol imhibed t) 
it. Uut what aurpr»ec' 

well express, wis that a candle 1, _ 

Ihia air with a remarkably vijjorous ll. 
Tery much like that enlarged flame with w 
a candle bums in nitrous air, t'xjiuacd t 
iron or lime of sulphur; but as 1 had got 
nothing like thii remarkable appearance 
fiotn any kind ui air besides this parlicular 
inodilicatiun of nitrous air, and I knew no 
nitrous acid ivas used in the preparalion of 
mercuriui calciiialus 1 was utterly at a lose 

" In this case also, though I did not give 
sufficient attention lo the tiraimslance at 
that time, the flame of the candle, besides be- 
ing larger, burned with more Splendor and 
heat than in that species of nitrous air: and a 
])iece of red-hot wood sparkled in it, exactly 
like [taper dipped in a Eoluhon of nitre, and 
it consumed very fast — an experiment which 
I had never thought of tryiiig with nitrous 
air." {/A(tf. pp. 34, 35). 

Priestley obtained the same sort of 
air from red lead, but, as he says him- 
self, he remained in ignorance of ihe 
properties of this new kind of air for 
seven months, or until March, 177S1 
when he found that the new air be- 
haved with " nitrous gas " in the same 
way as the dephlogisticated part of 
common air does ; * but that, instead 
of being diminished to four-fifths, it al- 
most completely vanished, and, there- 
fore, showed itself lo be " between 
five and six times as good as the best 
common air I have ever met with." 
{_Il/ui. p. 48.) As this new air thus 
appeared lo be completely free from 
phlogiston, Priestley called it "de- 
phlogisticated air." 

What was the nature of this air? 
Priestley found that the same kind of 
air was to be obtained by moistening 
with the spirit of niter (which he terms 
nitrous acid) any kind of earth that is 
free from phlogiston, and applying 
heat; and consequently he says : 
"There remained no doubt on my 
mind but that the atmospherical air, 
or the thing that we breathe, consists 
of the nitrous acid and earth, with so 
much pholgi.slon as is necessary to 
its elasticity, and likewise so much 
mote as is required to bring it from 
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its State of perfect purity to tlie mean 
condition in whicliwe find it." i^Ibul. 
P- 55-) 

Priestley's view, in fact, is that 
atmosplienc air is a VmA of saltpetre, 
in which the potash is replaced by 
some unlcnown earth. And in specu- 
lating on the manner in whicli salt- 
petre is formed, he enunciates the 
hypothesis " that niter is formed by a 
real decomponiion oj the air itself, tlie 
hoses that are presented to it having, 
in such circumstances, a nearer affin- 
ity with the spirit of niter than that 
kind of earlh with which it is united 
in the atmosphere," {^Ibid. p, 60. 
The italics are Priestley's own.) 

It would have been hard for the 
most ingenious person to have 
wandered farther from the truth than 
Priestley does in this hypothesis; 
and, though Lavoisier undoubtedly 
treated Priestley very ill, and pre- 
tended to have discovered dephlogis- 
ticaied air, or oxygen, as he called 
it, independently, we can almost for- 
give him, when we reflect how 
different were the ideas which the 
great French chemist attached to the 
body which Priestley discovered. 

They are like two navigators of 
whom the first sees a new country, 
but takes clouds for mountains and 
mirage for lowlands ; while the 
second determines its length and 
breadth, and lays down on a chart its 
exact place, so that, thenceforth, 
serves as a guide to his successi 
and becomes a secure outpost whence 
new explorations may be pushed. 

Nevertheless, as Priestley himself 
somewhere remarks, the first object of 
physical science is to ascertain facts, 
and the service which he rendered 
to chemistry by the definite establish- 
ment of a large number of new and 
fundamentally important facts, is 
such as to entitle him to a very high 
place among the fathers of chemical 
science. 

It is difficult to say whether 
Priestley's philosophical, political, or 
theological views were most responsi- 



ble for the bitter hatred which was 
borne to him by a large body of his 
countrymen,* and which found its 
expression in the malignant insinua- 
tions in which Uurke, to his everlast- 
'ng shame, indulged in the House of 
Commons. 

Without containing much that will 

: new to the readers of Hobbes, 
Spinoza, Collins, Hume, and Hartley, 

id, indeed, while making no prelen- 

sns to originality, PiiCiitley's "Dis- 
quisitions relating to Matter and 
Spirit," and his "Doctrine of Philo- 
sophical Necessity illustrated," are 
among the most powerful, clear, and 
unflinching expositions of materialism 
and necessarian ism which exist in the 
English language, and are still well 

irlh reading. 

Priestley denied the freedom o£ the 
will in the sense of its self-determina- 
; he denied the existence of a 
soul disiinct from the body; and as 
a natural consequence, he denied the 
natural immortality of man. 

In relation to these matters English 
opinion, a century ago, was very much 
what it is now. 

A man may be a necessarian with- 
out incurring graver reproach than 
that implied in being called a gloomy 
fanatic, necessarian ism, though very 
shocking, having a note of Calvinistic 
orthodoxy ; but, if a man is a material- 
ist; or, if good authorities say he is 
and must be so, in spile of his asser- 
tion to the contrary; or, if he acknowl- 



*"InaU the newspapers and most of the 
periodical publications I »as repTCBcntedasan 
unbeliever in Revelation, and no better than 
an atheist." — " Autobiography," Rutt. vol. 
i.p.lZ4. " On the walls of houses, etc., and 
especially nhers I usually went, were to be ' 
seen, in large characters, ' Madan kobever; 
Damn ParBSTLEV; no Presbvthriamism; 
Damn the PRESiivTBRiANS,'etc., etc-; and,, 
at one time, I was followed by a number n( . 
boys, who left their play, repeating what 
Ihey had seen on the wails, and shouting oul^ 
' Damn PritstUy ; damnhim, damn hitn,f<)r' . 
nitr. forever,' ac., etc. This wasno doubt »' 
lesEon which they had been taught by their 
parents, and what (hey, I fear, had leanied 
from their superiors. '—" Appeal to tho 
Public on the Subject of the Riots at Bir- 
mingham." 
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edge himself unable to see good rea- 
sons for believing in the natural sm- 
monaiity of man, respectable folks 
ioolc upon him as an unsafe neighbor 
of n cash-box, as an actual or poten- 
tial sensualist, the more virtuous in 
outward seeming, the more certainly 
loaded with secret "grave personal 
sins." 

Nevertheless, it is as certain as any- 
thing can be, that Joseph Priestley 
was no gloomy fanatic, but as cheerful 
and kindly a soul as ever breathed, 
the idol of children; a man who was 
hated only by those who did not know 
him, and who charmed away the bit 
lerest prejudices in personal inter- 
course ; a man who never lost a friend, 
and the best testimony to whose wortli 
is the generous and tender warmlh 
with which his many friends vied with 
one another in rendering him sub- 
stantial help, in all the crises of his 
career. 

The unspotted purity of Priestley's 
life, the strictness of his performance 
of every duty, liis transparent sincerity, 
the unostentatious and deep-seated 
piety which breathes through al! his 
correspondence, are in themselves a. 
sufficient refutation of the hypothesis 
invented by bigots to cover uncharita- 
bleness, that such opinions as his 
must arise from moral defects. And 
his statue will do as good service as 
the brazen image that was set upon a 
pole before the 'Israelites, if those who 
have been bitten by the fiery serpents 
tii sectarian hatred, which still haunt 
this wilderness of a world, are made 
whole by looking upon the unage of a 
heretic, who was yet a saint. 

Though Priestley did not believe in 
the natural immortality of man, he 
held with an almost naive realism, that 
man would be raised from the dead 
by a direct exertion of the power of 
God, and thenceforward be immortal. 
And it may be as well for those who 
may be shocked by this doctrine in 
know that views, substantially identi- 
cal with Priestley's, have been advo- 
cated, since his time, by two prelates 
of the Anglican Church : by Dr. 
■ '^'halcly, Archbishop of Dublin, in 



his well-known "Essays;"* and by 
Dr. Courtenay, Bishop of Kingston 
in Jamaica, the first edition of whose 
remarkable book "On the Future 
States," dedicated to Archbishop 
Whately, was published in 1843 and 
the second in 1857. Accordiug to 
Bishop Courtenay, 

"The tleath of ihc body will cause a ces- 
sation of all Ihc activity of the mind by way 
of natural consequence ; to continue forever 
UNLESS the Creator should interfere." 

And again :— 



"The natural end of human « . _. . 
the ' first death,' the dreamless sluinlier of the 
grave, wherein man lies spellbound, soul and 
body, under the dominion of sin and death — 
that whatever modes of conscious existence, 
whatever future states of life 'or of ' torment ' 
bejond Hades are reserved for man, are re- 
sults of our blessed Lord's victory over ain 
and death; that the resurrection of the dead 
must be preliminary to their entrance into ei- 
iherof the fulur 
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Y hear Priestley : — 



the mere fact that there is a futurity of con- 
sciousness, can be known uniy ihtough God's 
revelation oi Himself in the Person and the 
Gospel of His yon."— P. 389. 



And r 

" Man, according to this system (of mate- 
rialism}, is no mure than we now sec of him. 
His heiag commences at the lime of his con- 
ception, ar perhaps at an earlier period. 
The corporeal and mental faculties, in being 
in the same substance, grow, ripen, and decay 
together \ and whenever the system is dis- 
solved it continues in a state of dissolution 
till it shall |)lease that Almighty Being who 
called iL into existence to restore it 10 life 
again." — " Matter and Spirit," p. 45. 



And again ; — 

•' The doctrine of ihe Scripture is, that God 
maile man of the dust of the ground, and by 
simply animating this organized matter, made 
man that living percipient and intelligent be- 
ing that he is. According to Revelation, Aati 
is a state of rest and insensibility, and our 
only thouj^h sure hope of a. future life is 
founded on the doctrine of the resurrection 
ofthe whole man at some distant period; 
this assurance being sufficently confirmed to 
IIS both br ihe evident tokens of a Divine 



Revelation of a Future Stale. 
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__ altending the pereons who deliv 

end the lioclriuc, and especially by Ihe acl 
■ m of Jesus Chrisl, which is mor 



We all know that "a saint in crape 
is twice a saint in lawn ; " but ii is not 
yet admitted that ihe views which are 
consistent with such saintliness in 
lawn, become diabolical whenhuld by 
I a mere eiissenier.* 
I I am not here either to defend or 
I to attack Priestley's philosophical 
r views, and I cannot say ihat 1 am 
personally disposed to attnch much 
value to episcopal authority in phi- 
losophical questions ; but it seems 
right to call attention to the fact, that 
I those of Priestley's opinions which 
I have brought most odium upon him, 
have been openly promulgated, with- 
out challenge, by persons occupying 
the highest positions in the Stale 
Church. 

1 must confess that what interests 
me most about Priestley's material- 
ism, is the evidence that he saw dimly 
the seed of destruction which such 
materialism carries within its own 
bosom. In the course of his reading 
for his " History of Discoveries relat- 
ing to Vision, Light, and Colors," he 
had come upon ihe speculations of 
Boscovich and Michell and had been 
Jed to admit the sufficiently obvious 
truth that 6ur knowledge of matter is 
a knowledge of its properties ; and 
that of its substance — if it have a sub- 
stance — we know nothing. And this 
led to the further admission that, so 



• Not only is Priestley at one with Bishop 
Courleniy in this matter, bnt with Hartley 
and Uonnct, both of them stniit champions of 
Christianity. Moreover, Archbishop Whale- 
ly's essay is little better than an expansion of 
the first paragraph of Hume'.^ famous essay 
on the Immortality of Ihe Soul : — " By the 
m«re light of reason it sectna difficult lo prove 
the imtnorlality oE the soul; the arguments 
forit are commonly derived eicherfrum meta- 
physical topics, or moral, or physical. But it 
n in reality the Gospel, and the Gospel alone, 
that has btoujtht /i/t and immorlality lo ti^hl? ' 
It is impossible to imagine that a man of 
WbateVs tastes and acquiremenis had not 
read Hume or Hartley, though he refers to 
( neither. 



IS we can know, there may be no 
difference between the substance of 

er and the substance of spirit 
(" Disquisitions," p. i6). A step (ar- 

would have shown Priestley that 
his materialism was, essentially, very 
little different from the Idealism of 
his contemporary, the Bishop erf 
Cloyne. 

As Priestley's philosophy is mainly 
clear siatement of the views of liic 
deeper thinkers trf his dav, so are his 
political conceptions based upon those 
of Locke. Locke's aphorism that 
"the end of government is ihe good 
of mankind," is thus expanded by 
Priestley : — 

" It must necessarily be understood, ihcre- 
fore, whether it be eKprcssed or rot, Lhat all 
people live in society for their muiuil advan- 
tage I so that the good and happiness uf the 
members, that is, of Ihe majority uf the meta- 
bers, of any stale, is Ihe greal' standard \k 
which everything relaiing to Ihat state mtiu 
finally be determined." ^''^ssay on the Fint 
Principles of Government." Second edition, 

The lillle sentence here interpo- 
lated, "that is, of the majority of the 
members of any state," appears to be 
lhat passage which suggested to Een- 
thara, according lo his own acknowl- 
edgment, the famous "greatest happi- 
ness " formula, which by suhsiiluiing 
"happiness" for "good," has con- 
verted a noble into an ignoble princi- 
ple. Bnt I do not call to mind that 
there is any utterance in Locke quite 
so outspoken as ihe following passage 
in the "Essay on ihe First Principles 
of Government." After laying down 
as "a fundamental maxim in all gov- 
ernments," the proposition that 
"kings, senators, and nobles" arc 
"the servants of the |.nblic," Priest- 
ley goes on to say : — 

"But in the largeat slates, if ilie alnis(S of 
the Eovernmeni should at any lime be greit 
and manifest^ if the servants of Ihe ijeojllF. 
forgetting their masters and Ihefr mastets' 
interest, should pursue a separate one of 
Iheir own ; if, instead of considering thlt 
they are made for the people, they shoulrt 
consider the people as made for Ihem ; if the 
oppressions and violation of right should lie 
great, flagrant, and uiiiiTrEilly resented; tf 
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the hrrannlcal goTernora should Eiav< 
frienda bill a fciv sycophants, who had long 
preyed upon the vitals of [heir fellow -'-' 
sens, and who might be expected to des 
KOvcniiDcnl whenever their interests should 
be detached from it,' if in coiisequeiic 
these citcunistances, it shoald become n 
feat that ihc risk vchich would be niii i 
tempting a revolution would be trifling, 
the evils which might be apprehended from 
it were far less than those which were --* 
tixlly suffered and which were daily itic 
ing : in the name of God, I ash, what pr 
plessre those which ought to restrain a 
;ur«d and insulted people from asserting their 
natural rights, aiid from changing or even 
punishing their governors—that is, Iheir ser- 
vants — who had abused their trust, or from 
altering ihe whole form of theirgovcrnmcnl, 
if it appeared to be of a structure sq liable 
to abuse ? " 



As a Dissenter, subject to the op- 
eration of the Corporation and Test 
Acts, and as a Unitarian, excluded 
from tlie benefit of tlie Toleration Act, 
it is not surprising to find that Priest- 
ley had very delinile opinions about 
Ecclesiastical Establishments; the 
only wonder is tliat these opinions 
were so moderate as the following 
passages show them to have been : — 

" Eccleaiaslical authority way have been 
necessary in the infant state of society, and, 
for llie same reason, it may perhaps continue 
[O be, in some degree, necessaiy as long as 
■ocicty is imperfect; and therefore may not 
be entitciy abolished till civil governments 
hare arrived at a much greater Mgree of per- 
fection. If, therefore, I were asltfd whether 
I khould approve of ihE immediate dissolu- 
tion of all the ecclesiastical establishments 
in Europe, I should answer. No. . . Let ex- 

rriment be first madcofo/ftm/wnj, or, which 
the same thing, of btttrratabliikmcHts than 
tiia present. Let ihem be reformed in many 
essential articles, and then not thrown aside 
entirely till it be found by experience that no 
gond can be made of them.'' 

Priestley goes on to suggest four 
such reforms of a capital nature : — 

"I. Let the Articles of Faith to be sulv 
•critied by candidates for (he ministry be 

Seatly t«duced. In Ihe formulary of^ the 
hutch of England, might not thirty<ight 
«K of the thirty-nine be very well spared ? It 
is a reproach to any Christian establishment 
if every man cannot claim the benefit uf it 
-»ho can sav that he believes in the religion 
j( Jesni Christ fta it is set forth in the New 
Teslaniciil. You say the terms are so gcn- 
cven Ucisii would quibble and in- 



sinuate themselves, I answer that all the 
articles which are subscnlwd at present, by 
no means exclude Deists who will prevarj- 
catc ; and upon this scheme you would at 
least exclude fewer honest men."* 

The second reform suggested is the 
equalization, in proportion to woric 
done, of the stipends of the clergy; 
[he third, the exclusion of the bishops 
from Parliament ; and the fourth, com- 
plete toleration, so that every mail 
may enjoy the rights of a citizen, and 
be qualified to serve his countrv, 
whether he belong lo the Established 
Church or not. 

Opinions such as those I have 
quoted, respecting the duties and the 
responsibilities of governors, are tlie 
commonplaces of modern Liberalism ; 
and Priestley's views on Ecclesiasti- 
cal Establishments would, I fear, meet 
with but a cool reception, as altogether 
loo conserwauve, from a large propor- 
tion of the lineal descendants of the 
people who tniighl their children to 
cry " Damn Priestley ; " and, with ihat 
love for the practical application of 
science which is the source of the 
greatness of BiTmingham, tried to set 
fire to the doctor's house with sparks 
from his own electrical machine ; 
thereby giving the man they called an 
incendiary and raiser of sedition 
against Church and King, an appro- 
priately experimental illustration of 
the nature oE arson and riot. 

If I have succeeded in putting be- 
fore you the main features of Priest- 
ley's work, its value will become ap- 
parent, when we compare the condi- 
tion of the English nation, as he knew 
it, with its present state. 

The fact that France has been for 
eighty-five years trying, without much 
success, to right herself after the 
great siortn of the Revolution, i& not 
unlrequently cited among tis, as an 
indication of some inherent incapac- 
ity for self-government among the 
French people. I think, however, 
that Englishmen who argue thus, for- 
get that, from the meetin:; of the 
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Long Parliament in 1640, to the last 
Stuart rebellion in 1745, is a lumdred 
and five years, and that, in the mid- 
dle of the last century, we had but just 
sately freed ourselves from our Bour- 
bons and all that they represented. 
The corruption of our state was as 
bad as that of the Second Empire. 

I Bribery was the instrument of gov- 
ernment, and peculation its reward. 
Four-fifths of the seats in the House 
of Commons were more or less 
openly dealt with as properly. A 
'iiisier had to consider the stale of 

' the vote market, and the sovereign 
secured a sufficiency of " king's 
friends" by payments allotted with 
retail, rattier than royal, sagacity. 

Barefaced and brutal immorality 
and intemperance pervaded tbe land, 
from the highest to the lowest classes 
of society. The Established Church 
was torpid, so far as it was not a 
scandal ; but those who dissented 
from it came within the meshes of the 
Act of Uniformity, the Test Act, and 
the Corporation Act. By law, such a 
man as Priestley, being a Unitarian, 
could neither teach nor preach, and 
was liable to ruinous fines and long 
imprisonment.* In those days, the 
guns that were pointed by the Church 
against the Dissenters were shotted. 
The law was a cesspool of iniquity 
and cruelly. Adam Smith was a new 
prophet whom few regarded, and com- 
merce was hampered by idiotic im- 
pediments, and ruined by still more 
absurd help, on the pan of govern- 
ment. 

Birmingham, though already the 
center of a considerable industry, 
was a mere village as compared with 
its present extent. People who trav- 
eled ivent about armed, by reason of 
the abundance of highwaymen and the 
paucity and inefficiency of the police. 
Stage coaches had not reached Bir- 
mingham, and it took three days to 
get to London. Even canals were a 
recent and much opposed 



• In I73» Doddridge was cited for teach- 
ing wilhoul tbe Bishop's leave, at Noith- 
,iinpton. 



Newton had laid the foundation of 
mechanical conception 01 the pbysi- 
1 universe : Hartley, putting a mod- 
n face upon ancient materialism, had 
:teoded that mechanical conception 
to psychology ; Linnsus and Haller 
were beginning to introduce method 
and order into the chaotic accumula- 
tion of biological facts. But those 
parts of physical science which deal 
with heat, electricity, and magnetism, 
and above all, chemistry, in tlie mod- 
ern sense, can hardly be said to have 
had an existence. No one knew that 
two of the old elemental bodies, air 
and water, are compounds, and that a 
third, fire, is not a substance but a 
motion. The great industries that 
have grown out of the applications of 
modern scientific discoveries had no 
existence, and the man who should 
have foretold their coming into being 
in the days of his son, would have 
been regarded as a mad enthusiast, 

In common with many other excel- 
lent persons, Priestley believed that 
man is capable of reaching, and will 
eventually attain, perfection. If the 
temperature of space presented no 
obstacle, I should be glad to enter- 
tain the same idea ; but judging from 
the past progress of our species, I am 
afraid that the globe will have cooled 
down so far, before the advent of this 
natural millennium, that we shall be, 
at best, perfected Esquimaux. For 
all practical purposes, however, it is 
enough that man may visibly improve 
his condition in the course of a cent- 
ury or so. And, if the picture of the 
state of things in Priestley's time, 
which I have just drawD, have any 
pretense to accuracy, I think it must 
be admitted that there has been acon- 
siderabie change for the belter. 

I need not advert to the well-worn 
topic of material advancement, in a 
place in which the very stones testify 
to that progress — in the town of Watt 
and of Boullon. I will only remark, 
in passing, that material advancement 
has its share in moral and intellectual 
progress. Becky Sharp's acute re- 
mark that it is not difficult to be virtu- 
ous on ten thousand a year, has its 
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icatiou to nations ; and it is futile 
:pect a. hungry and squalid popula- 
to be anything but violent and 
gross. But as regards other than ma- 
lerial welfare, although perfection is 
not yet in sight — even from the mast- 
head — it is suTcly true that things are 
much better than they were. 

Take the upper and middle classes 

whole, and it may be said that 

. immorality and gross intemper- 

have vanished. Four and six 

;le men are as extinct as the dodo. 

lien of good repute do not gamble, 

talk modeled upon Dean Swift's 

trt o£ Polite Conversation " would 

:toieraied in no decent kitchen. 

[embers of the legislature are not 

be bought : and constituents are 

Lkening to the fact that votes must 

be sold — even for such trifles as 

and lea and cake. Political 

ir has passed into the hands of 

masses of the people. Those 

rom Priestley calls their servants 

have recognized their position, and 

have requested the master to be so 

good as to go to school and fit himself 

for the administration of his property. 

No civil disability attaches to any 

theological grounds, and the 

highest offices of the state are open 

if apist, Jew, or Secularist. 

"""hatever men's opinions as to the 

Bey of Establishment, no one 

litate to admit that the clergy of the 

lurch are men of pure life and 

versation, zealous in the discharge of 

their duties ; and, at present, appar- 

,tly, more bent on prosecuting one 

"rtlier than on meddling with Dis- 

rs. Theology itself has broad- 

so much, that Anglican divines 

forward doctrines more liberal 

those of Priestley ; and, in our 

le-supported churches, one listener 

hear a sermon to which Bossuet 

;ht have given his approbation, 

ile another may hear a discourse in 

ich Socrates would find nothing 

Sut great as these changes may be, 
fty sink into insignificance beside 
T progress of physical science, 

iether we consider tlie improve- 



ment of methods of investigation, or 
the increase in bulk of solid knowl- 
edge. Consider that the labors of 
Laplace, of Young, of Davy, and of 
Faraday ; of Cuvier, of Lamarck, and 
of Robert Brown ; of Von Baer, and 
of Schwann ; of Smith and of Hutton, 
have all been carried on since Priest- 
ley discovered oxygen ; and consider 
that they are now things of the past, 
ancealed by the industry of those 

ho have built upon them, as the 
first founders of a coral reef are hid- 
beneath the life's work of their 
lessors ; consider that the methods 
of physical science are slowly s|)read- 
ing into all investigations, and ihat 
proofs as valid as those required by 
her canons of investigation, are being 
demanded of all doctrines which ask 
for men's assent ; and you will have 

faint image of the astounding dif- 
ference in this respect between the 
nineteenth century and the eighteenth. 

If we ask what is the deeper mean- 
ing of all these vast changes, I think 
there can be but one reply. They 
mean that reason has asserted and ex- 
ercised her primacy over all provinces 
of human activity : that ecclesiastical 
authority has been relegated to its 
proper place ; that the good of the 
governed has been finally recognized 
as ihe end of government, and the 
complete responsibility of governors 
to the people as its means ; and ihat 
the dependence of natural phenomena 
in general, on the laws of action of 
what we call matter has become an 

Hut it was to bring these things 
about, and to enforce the recognition 
of these iniths, that Joseph Priestley 
labored. If the nineteenth century is 
other and better than the eighteenth, 
it is, in great measure, lo him and to 
such men as he, that we owe the 
change. If the twentieth century is 
to be better than the nineteenth, it 
will be because there are among us 
men who walk in Priestley's foolstep.s. 

Such men are not those whom their 
own generation delights to honor; 
such men, in fact, rarely trouble 
themselves about honor, but ask, in 
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^^^H xnother spirit than FalstaiiF's, " What 

^^^His honor? Who bath it? He that 

^^^^K^ed a' Wednesday." But whether 

^^^^■Priestley's lot be theirs, and a fuliive 

^^^^K^e Deration, in justice and in graliiiide, 

^^^^fset up iheit statues ; or wheilier their 

^^^^ names iind fame are blotted out from . 

rememhranci;, tlieir work will live as 

longastimeeiidures. To alleiemity, 

the sun of triilh ant! right will have 

been increased bylheir means; to all 

eternity, laisehood and injustice will 

be the weaker because they have lived. 
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The maxim that metaphysical in- 
1 quiries are barren of result, and that 
F the serious occupation of flie mind 
with them is a mere waste of time and 
labor, finds much favor in the eyes of 
the many jiersons who pride them- 
selves on the possession of sound 
common sense ; and we sometimes 
hear it enunciated by weighty author- 
ities, as if its natural consequence, the 
suppression of such studies, had the 
, force of a moral obligation. 
I In this case, however, as in some 
I Others, those who lay down the law 
' seem to forget that a wise legislator 
will consider, not merely whether his 
proposed enactment is desirable, but 
whether obedience to it is possible. 
I For, if the latter question is answered 
I negatively, the former is surely hardly 
I worth debate. 

Here, in fact, lies the pith of the 
reply to those who would make met- 
' aphysics contraband of intellect, 
I Whether it is desirable to place a 
prohibitory duty upon philosophical 
t speculations or not, it is utterly impos- 
[ sible 10 prevent the importation of 
I them into the mind. And it is not a 
\ little curious to observe that those 



who most loudly profess to abstair. 
from such commodities are, all the 
while, unconscious consumers, on a 
great scale, of one or other of their 

multitudinous disguises or adulter- 
ations. With mouths full of ihe par- 
licul.ir kind of heavily buttered toast 
which ihey affect, they inveigh against 
the eating of plain bread. In truth, 
the attempt to nourish the human in- 
tellect u|)on a diet which contains do 
metaphysics is about as hopeful as 
that of certain Eastern sages to 
nourish their bodies without destroy- 
ing life, Everybody has heard Ihe 
story of the pitiless microscopist, who 
ruined ihe peace of mind of one of 
these mild enthusiasts by showing 
him the animals moving in a drop of 
the water with which, in iheinnocency 
of his heart, he slaked his thirst; and 
the unsuspecting devotee of plain 
common sense may look for as unex- 
pected a shock when the magnifier of 
severe logic reveals the germs, if not 
the full-grown shapes, of lively meta- 
physical postulates rampant amidst 
his most positive and matter-of-fact 

By way of escape from the meta- 
phj-sical Will-o'-the-wisps generated 
in the marshes of hieraiure and the- 
ology, Ihe serious student is some- 
limes bidden lo betake himself to the 
solid ground of physical science. 
But the fish of immortal memory, who 
threw himself out of the frying-pan 
into tfie fire, was not more ill ad- 
vised than the man who seeks sanct- 
uary from philosophical persecution 
within the walls of the observatory or 
of the laboratory. Ii is said that 
"metaphysics" owe tiieir mmc to 
the fact that, in Arisioiles works, 
questions of pare philosophy are dealt 
with immediately after those of 
physics. If so. the accident is happily 
symbolical of the essential relations 
of things i for metapbj'sical specu- 
lation follows as closely upon physical 
theory as black care upon the horse- 
One need but mention such funda- 
mental, and indeed indispensable, 
, conceptions of the natural philosopher 
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e of atoms and forces : or that 

htuaciion cousklered as action at a 

pance : or that of poteniial energy ; 

' 9 of a vacuum and a 

rail 10 mind the metaphy- 

hi background of physics and 

Kinisiry: while, in [be biological 

^nces, the case is still worse. 

ia an individual among the 

plants and animals? Are 

era and species realities or ab- 

lotions? Is there such a ihiog as 

bl Force ? or does the name denote 

lere relic of niel a physical felichism ? 

the (loclrine of final causes legiti- 

Ete or illegitimate? These are a 

If of the meiaphysical topics which 

I suggested hy the most elementary 

Vy of biological facts. But, more 

1 this, it may be truly said that 

I roots of every system of philoso- 

f lie deep among the facts of phys- 

Kigy. No one can doubt that the 

s and the functions of sensation 

I as much a pan of the province of 

i physiologist, as are the organs and 

(ctionsof motion, or those of diges- 

h ; and yet it is impsssible to gain 

t acquaintance with even the rudi- 

ftients of tlie physiology of sensation 

without being led straight to one of 

Rost fundamental of all metaphy- 
probiems. In fact, the sensory 
[ions have been, from lime im- 
'rial, the batile-ground of philos- 
s 
; 






have more than once taken occa- 
tt> point out that we are indebted 
iscartes, who happened to be a 
liologist as well as a philosopher, 
the first distinct enunciation of the 
essential elements of the true theory 
' lensalion. In later times, it is not 
the works of the philosophers, if 
iTlley and James Mill are excepted, 
to those of the physiologists, that 
must turn for an adequate account 
the sensory process. Haller's 
luRiinous, though summary, account 
of sensation in his admirable " Primse 
Lirea;," the first edition of which was 
printed in 1747, offers a striking 
contrast to the prolixity and confu- 
sion of thought which pervade Reid's 
" 'oquiry," of itvcnieen years' later 



date.* Even Sir William Hamilton, 
learned historian and acute criLic as 
he was, not only failed to apprehend 
the pliilosophical bearing of long-es- 
tablished physiological truths ; but, 
when he affirmed that there is no rea- 
son to deny that the mind feels at the 
finger points, and none to assert that 
the brain is the sole organ of thought, 
he showed that he had not apprehend- 
ed the significance of the revolution 
commenced, two hundred years before 
his time, by Descaries, and effectively 
followed up by Haller. Hariley, and 
Bonnet, in the middle of the last cent- 
urj.t 

In truth, the theory of sensation, 
except in one point, is, at the present 
moment, very much where Hartley, 
led by a hint of Sir Isaac Nu'Wton's, 
left it, when, a hundred and twenty 
years since, the "Observations on 
Man: his Frame, his Duly, and his 
Expectations," was laid before the 
world. The whole matter is put in a 
nutshell in the following passages of 
this notable book. 

" External objects impresseit u])im the 
senses occision, first ou ihc nerves on which 
they are impressed, and then on (he braio, 
vibrations of the small and, as we may say, 
infinitesimal medullary particles. 

" These vibrations are motions backward 
and forward of the small particles ; of the 
same kind with Che oscillations of pendulums 
and the tremblings of the particles of sound- 
iiig bodies. They must be conceived to be 
e;tceedin)tly short and small, so as not lo 
have the least efficacy tc disturb or move the 
whole bodies of the nerves or brain." (Vol. I, 

p. ...1 



■ In iualice to Keid, however, il should be 
stated that the chapters on sensation in the 
■' Essays on the Inlellcclunl Powers" (1785) 
exhibit a great improvement. He is, in fact, 
in ^vancE at his commentator, as the note to 
Eaaay IL chap. ii. p. ::48 of Hamilton's edi- 

t Sir Willianl Hamilton gravely infiirms 
his hearers:— "We have no more right lo 
deny that the mind feels at the finger points, 
as consciousness assures us, than lo assert 
that it thinks exclusively in the bnin." — 
" Lecture on Metaphysics and Logic," li. p. 
1 28. "We have no reason whatever lo 
doubt the report of consciousness, that we 
actually perceive at the external point of 
sensation, and that we perceive the material 
reality."— /iiJ. p. 129. 
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**Thc white medullary substance of the 
brain is also the immediate instrument by 
which ideas are presented to the mind ; or, 
In other words, whatever changes are made 
In this substance, corresponding changes are 
made in our ideas ; and vice versa." \^lbid. p. 

Hartley, like Haller, had no con- 
ception of the nature and functions of 
the gray matter of the brain. But, if 
for ** white medullary substance," in 
the latter paragraph, we substitute 
"gray cellular substance," Hartley's 
propositions embody the most proba- 
ole conclusions which are to be drawn 
from the latest investigations of phys- 
iologists. In order to judge how 
conjpletely this is the case, it will be 
well to study some simple case of 
sensation, and, following the example 
of Reid and of James Mill, we may 
begin with the sense of smell. Sup- 
pose that I become aware of a musky 
scent, to which the name of "muski- 
ness " may be given. I call this an 
odor, and I class it along with the 
feelings of light, colors, sounds, tastes, 
and the like, among those phenomena 
which are known as sensations. To 
say that I an) aware of this phenome- 
non, or that I have it, or that it exists, 
are simply different modes of affirm- 
ing the same facts. If I am asked 
how I know that it exists, I can only 
reply thaU its existence and my knowl- 
edge of it are one and the same thing ; 
in short, that my knowledge is imme- 
diate or intuitive, and, as such, is 
possessed of the highest conceivable 
degree of certainty. 

The pure sensation of muskiness is 
almost sure to be followed by a men- 
tal state which is not a sensation, but 
a belief, that there is somewhere close 
at hand a sometliing on which the 
existence of the sensation depends. 
It may be a musk-deer, or a musk-rat, 
or a musk-plant, or a grain of dry 
musk, or simply a scented handker- 

• The speculations of Bonnet are re- 
markably similar to those of Hartley ; and 
they apjMfar to have originated independently, 
though the ** Essai de Fsycholoi»ie *Mi754) *s 
of five years* later date than the ** Observa- 
tions on Man "(1749). 



chief ; but former experience leads us 
to believe that the sensation is due to 
the presence of one or other of these 
objects, and that it will vanish if the 
object is removed. In other words, 
there arises a belief in an external 
cause of the muskiness, which, in 
common language, is termed an odor- 
ous bodv. 

But the manner in which this belief 
is usually put into words is strangely 
misleading. If we are dealing with a 
musk-plant,for example, we do not con- 
fine ourselves to a simple statement of 
that which we believe, and say that 
the musk-plant is the cause of the sen- 
sation called muskiness ; but we say 
that the plant has a musky smell, and 
we speak of the odor as a quality, or 
property, inherent in the plant. And 
the inevitable reaction of words upon 
thought has in this case become so 
complete, and has penetrated so deep- 
ly, that when an accurate statement of 
the case — namely, that muskiness, in- 
asmuch as the term denotes nothing 
but a sensation, is a mental state, and 
has no existence except as a mental 
phenomenon — is first brought under 
the notice of common-sense folks, it is 
usually regarded by them as what they 
are pleased to call a mere metaphysi- 
cal paradox and a patent example of 
useless subtlety. Yet the slightest re- 
flection must suffice to convince any 
one possessed of sound reasoning fac- 
ulties, that it is as absurd to suppose 
that muskiness is a quality inherent in 
one plant, as it would be to imagine 
that pain is a quality inherent in an- 
other because we feel pain when a 
thorn pricks the finger. 

Even the common-sense philoso- 
pher, /drr ^xr^//«rwr<f, says of smell : " It 
appears to be a simple and original 
affection or feeling of the mind, alto- 
gether inexplicable and unaccounta- 
ble. It is indeed impossible that it 
can be in anybody : it is a sensation, 
and a sensation can only be in a sen- 
tient thing." ♦ 



* ** An Inquiry into the Human Mind on 

the Principles of Common Sense," chap, ii § 

I 2. F e d affirms that •* it is genius- and nvr 
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That which Is irue of inuskiness is 
Ime of every other odor. Lavender- 
smell, clove-smell, garlic-smell, are, 
like " muskiness," names of states of 

except as such. But, in ordinary lan- 
guage, we speak of all these odors as 
if they were independent entities rt:- 
stdiiig in lavender, cloves, and garlic ; 
and i[ is not without a certain strug- 
gle that the false mciaphysic of so- 
called common sense, thus ingrained 
in us, is expelled. 

For llie present purpose, it is un- 
necessary to inquire into the origin of 
our belief in external bodies, or into 
that of the notion of causation. As- 
suming the existence of an external 
world, there is no difficulty in obtain- 
ing experimental proof that, as a gen- 
eral rule, olfactory sensations are 
caused by odorous bodies; and we 
may pass oti to the next step of the in- 
quiry — namely, how the odorous body 
produces the effect attributed to it. 

The first point to be noted here is 
another fact revealed by experience; 
that the appearance of the sensation is 
governed, not only by the presence of 
the odorous substance, but by the 
condition of a certain part of our cor- 
poreal structure, the nose. If the nos- 
trils are closed, the presence of tlie 
odorous substance does not give rise 
to the sensation ; while, when they are 
open, the senS':ition is intensiiiecl by 
the approximation of the odorous sub- 
stance to them, and by snuffing up 
the adjacent air In such a manner as 
to draw it into the nose. On the 
other hand, looking at an odorous 
substance, or rubbing it on the skin, 
l^r holding it to the ear, does not 
duakcn the sensation. Thus, it can 



of it, (hat adulterates philosophy. 

fills It with error and false theory ; " and 
lucubrations are free from 



f 

r doubt hi» 

K smnl!e!tt tjiint of the impurity to which he 
objects. But, for want of something mc 
than that sort of " common sense," which 
very coiTimon and a little dull, the contemner 
of genius did not notice that the admission 
here made knocks so big a hole in the.bottom 
II of " common sense philosophy," that noihin( 

f^n save it from foundering m ihc dreadec 
IS nf Idealism. 



be readily established by experiment 
that the perviousness of the nasal pas- 
sages is, in some way, essential to the 
sensory function ; in fact, that the or- 
gan of that function is lodged some- 
where in the nasal passages. And, 
since odorous bodies give rise to their 
effects at considerable distances, the 
suggestion is obvious that something 
lUSt pass from them into the sense 
organ. What is this " something," 
which plays the part of an intermedi- 
ary between tlie odorous body and the 
sensory organ ? 

The oldest speculation about the 

alter dates back to Democritus and 
the Epicurean School, and it is to be 
found fully staled in the fourth book 
of Lucretius, It comes to this : ihat 
the surfaces of bodies are constantly 
throwing ofF excessively attenuated 
films of their own substance : and ihat 
these films, reaching the mind, excite 
the appropriate sensations in it. 

Aristotle did not admit the existence 
of any such material ftlms, but con- 
ceived that it was the form of tlie sub- 
stance, and not its matter, which af- 
fected sense, as a seal impresses wax, 
without losing anything in the process. 
While many, if not the majority, of 
the Schoolmen took up an intermedi- 
ate position and supposed that a some- 
thing, which was not exactly either 
material or immaterial, and which 
they called an "intentional species," 
effected the needful communication 
between the bochly cause of sensation 
and the mind. 

But all these notions, whatever may 
be said for or against them in gener- 
al, are fundamentally defective, by 
reason of an oversight which was in- 
evitable, in the state of knowledge at 
the time in which they were promul- 
gated. What the older philosophers 
did not know, and could not know, be- 
fore the anatomist and the physiolo- 
gist had done their work, is that, be- 
tween the external object and that 
mind in which they supposed the sen- 
sation to inhere, there lies a physical 
obstacle. The sense organ is not a 
mere passage by which the " tenuia 
simulacra rerum," or the "intentional 
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species " cast off by objecrts, or ihe 
"lornis" of sensible ihings, pass 
straight to the iiiiiid ; on llie contrary, it 
stands as a lirm and impervious b;ir- 
litr, tlirough which no material pani- 
cle of the world without can malte its 
way to the world witbin. 

Let lis consider the olfactory sense 
organ more nearly, Each of the nos- 
trils leads into a passage completely 
separated from ihe other by a par- 
tition, and these two passages place 
tlie nostrils in free communication 
with the back of the throat, so thai 
they freely transmit the air passing to 
the lungs when the mouth is shut, as 
in ordinary breathing. The floor of 
each passage is Hat, but its roof is a 
high arch, the crown of which is seat- 
ed between the orbital cavities of the 
skull, which serve for the lodgmeni. 
and protection of the eyes; and it 
therefore lies behind the apparent 
limits of thai feature which, in oidi- 
nary language, is called the nose. 
From the side walls of the upper and 
back part of these arched chambers, 
certain delicate plates of bone pro- 
ject, and these, as well as a consider- 
able part of the partition between the 
two chambers, are covered by a fine, 
soft, moist membrane. It is to this 
" Schneideriani" or olfactory, mem- 
brane that odorous bodies must ob- 
tain direct access, if they are to give 
rise lo their appropriate sensations; 
and it is upon the relatively large sur- 
face, which the olfactory membrane 
offers, that we must seek for the seat 
of the organ of ihe olfactory sense. 
The only essential part of that organ 
consists of a multitude of minute rod- 
like bodies, set perpendicularly to the 
surface of the membrane, and form- 
ing a part of the cellular coat, or 
epithelium, which covers the olfactory 
membrane, as the epidermis covers 
the skin. In the case of the olfactory 
sense, there can be no doubt that the 
Democritic hypothesis, at any rate 
for such odorous substances as musk. 
has a good foundation, Infinitesimn 
particles of musk fly off the surface 
of the odorous body, and, becoming 
diffused through the air, are carried 



nto the nasal passages, and thence 
into the olfactory chambers, where 
tliey come into contact with the lila- 
exiremiiies of the delicate 
olfactory epithelium. 

But this is not all. The "mind" 
not, so to speak, upon the other 
side of the epithelium. On the con- 
trary, the inner ends of the olfactory 
ells are connected with nerve fibers, 
nd these nerve fibers, passing into 
the cavity of the skull, at length end 
part of the brain, the olfactory 
sensorium. It is certain that ihc in- 
;rity of each, and the physical iiv 
-connection of all these three struc- 
es, the epithelium of the sensory 
organ, the nerve fibers, and the sen- 
are essential conditions of 
ordinary sensation. That is to say, 
the air in the olfactory chambers may 
be charged with particles of musk; 
but, if either the epithelium, or the 
nerve fiDers, or the sensorium is in- 
jured, or if they are physically discon- 
nected from one another, sensation 
will not arise. Moreover, the epithe- 
lium may be said to be receptive, the 
fibers transmissive, and the sen- 
sorium sensifacient. For, in the act 
drilling, the particles of the odor- 
substance produce a molecular 
change (which Hartley was in all 
probability right in terming a vibra- 
tion) in the epithelium, and this 
change being transmitted to the nerve 
fibers, passes along them with a 
measurable velocity, and, finally 
reaching the sensorium, is immedi- 
ately followed by the sensation. 

Thus, modern investigation sup- 
plies a representative of the Epicurean 
simulacra in the volatile particles of 
the musk; hut it also gives us the 
stamp of the particles on the olfactory 
epithelium, without any transmission 
of matter, as the equivalent of the 
Aristotelian "form;"* while, finally, 
the modes of motion of the mol 
of the olfactory cells, of the 
and of the cerebral sensorium, which 
are Hartley's vibrations, may stand 
very well for a double of the " inten- 
tional species" of the Schoolmen. 
And this last remark is not tntwidetV 



merely to suggest a fanciful parallel ; 
for, if the cause of the sensation is, 
as analogy suggesis, lo be sought in 
the motk of moiion of the object of 
sense, ihen it is quite possible thitt 
ihe particuLir mode of motion of tliy f 
object is reprodaceci in tbe senso 
riuni ; exactly as the diaphragm of i 
telephone reproduces the mode o 
motion laken up at its receiving end 
Iti other words, the secondary "in 
tentional species" may be, as iht 
Schoolmen tboughl the primary ont 
W;is, the last link between matter ant 
mind. 

None the less, however, does it re 
main tnie that no simitarity exists 
nor indeed is conceivable, betweei 
the cause of the sensation and thf 
sensation. Attend as closely lo tht 
sensations o£ inuskiness, or any othe 
odor, as we will, no trace of extcn 



ble in them. They have no attribute 
in common with those wbich we as- 
cribe lo matter; they are, in the 
strictest sense of the words, imma- 
terial entities. 

Thu^, the most elementary study of 
sensation justifies Descartes' position, 
that we know more of mind than we 
do of body ; that the iinmaterial world 
is a firnier reality than the material. 
For tht; sensation "muskiness" is 
Icnown ini mediately. So long as it 
persists, it is a part of what we call 
our thitiking selves, and its existence 
lies beyond the possibility of doubt. 
The knovvledge of an objective or 
material cause of the sensation, on 
ihe oilier hand, is mediate; it is a be- 
lief as contradistinguished from an 
intuidon ; and it is a belief whicb, in 
any given instance of sensation, may 
by possibility, be devoid of founda- 
lion. For odors, like other se 
lions, may arise from the occurrence 
of ihe appropriate molecular changi 
in ihe nerve or in ihe sensorium, by 
the operation of a cause distinct from 
ihe affection o£ the sense oi^n by 
odorous body. Such "subjectiv 
sensations are as real existences as 

Bothers, and as distinctly suggest 
xternal odorous object as their 



cause; but the belief thus generated 
is a delusion. And, if beliefs are 
properly termed " testimonies of con- 
sciousness," then undoubtedly the' 
loslimony of consciousness may be, 
and often is, untrustworthy. 

Another very important considera- 
tion arises out of the facts as they are 
now known. That ivhicli, in the ab- 
sence of a knowledge of the physi- 
ology of sensation, we call the cause 
of the smell, and term the odorous' 
object, is only such, mediately, by 
f its emitting particles which' 
'. to a mode of moiion in the 
sense organ. The sense organ, again, 
only a mediate cause by reason of 
its producing a molecular change in the 
nerve fiber; while this last change is 
also only a mediate cause of sensa- 
ion, depending, as it does, upon the 
liange which it excites in the sen- 

The sense organ, the nerve, and the 
sensorium, taken together, constitute 
isiferous apparatus. They 
J the thickness of the wall be- 
tween the mind, as represented by 
the sensation "muskiness" and the 
object, as represented by ihe particle 
of musk in contact with the olfactory 
epithelium. 

It will be observed that the sensif- 
crous wall and the external world 
are of the same nature ; whatever it 
is that constitutes them both is ex- 
pressible in terms of matter and mo- 
lion. Whatever changes take place 
in the sensifcrous apparatus are con- 
tinuous with, and similar to, those 
which take place in the externaT 
world.* But with the sensorium, 
matter and motion come to an end ; 
while phenomena of another order, or 
immaterial slates of consciousness, 
make their appearance. How is the 
relation between the jnaterial and the 
immaterial phenomena lo be con- 
ceived ? This is the metaphysical 
problem of prnblems, and the solO' 
tions which have been suggested have 
been made the corner-stones of sys- 
tems of philosopSy Three mutually 
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irreconcilable readings of the riddle 
have been offered. 

The first is, that an immaterial 
substance of mind exists ; and that 
it is affected by the mode of motion 
ot the sensorium in such a way as lo 
give rise to tlie sensation 

Tiie second is, that the sensation 
is a direct effect of the mode of mo- 
tion of the sensorium, brought about 
without the intervention ot any sub- 
stance of mind. 

The third is, that the sensation is 
neither direcliy nor indirectly an ef- 
fect of the mode of motion of the sen- 
sorium, but that it has an independ- 
ent cause. Properly speaking, tliere- 
fore, it is not an effect of the motion 
of the sensorium, but a concomitant 
of it. 

As none of these hypotheses is capa- 
ble of even an approAimaiion to de- 
monstration, it is almost needless to 
remark that ihey liave been severally 
held with tenacity and advocated 
with passion. I do not think it can 
be said of any of the three that it is 
inconceivable, or that it can be as- 
sumed on a priori giOMnds to be im- 
possible. 

Consider the first, for example; -in 
immaterial substance is perfectly con- 
ceivable. In fact, it is obvious that 
:f we possessed no sensations but 



tno^e of smell and hearing, we should 
mable to conceive a material sub- 
ce. We might have a concep- 
tion of time, but could have none ot 
ewendon, or of resistance or of mo- 
tion. And without the three latter 
conceptions no idea of matter could 
be formed. Our whole knowledge 
would be limited to that of a shifting 
succession ot immaterial phenomena. 
But, if an immaterial substance may 
exist, it may have any conceivable 
properties ; and sensation may be one 
ot them. All these propositions may 
be affirmed with complete dialectic 
safetj', inasmuch as they cannot po* 
sibly be disproved ; but neither can 
a particle of demonstrative evidence 
be offered in favor of the existence 
ot an immaterial substance. 

As regards the second hypothesis, 
it certainly is not inconceivable, 
and therefore it may be true, that sen- 
sation is the direct effect of certain 
kinds ot bodily motion. It is jusi as 
easy to suppose this as to suppose, on 
the former hypothesis, that bodily 
motion affects an immaterial sub- 
stance. But neither is it susceptible 
of proof. 

And, as lo the third hypothesis, 
since the logic of induction is in no 
case competent to prove that events 
apparently standing in the relation of 
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lise and eftect may not both be 
Ijscts of a common cause — that also 
s safe from refutation, if as incapa- 
) o£ demonstration, as the o\her 

my own opinion, neither of these 
speculations can be regarded serious- 
ly as anything but a more or less con- 
venient working hypothesis. But, if 
I must choose among them, I take the 
"law of parcimony" for my guide, 
and select the simplest — namely, that 
the sensation is the direct effect of 
the mode of motion of the sensorium. 
It may justly be said that this is not 
the slightest explanation of sensation ; 
but then am I really any the wiser, if 
1 say that a sensation is an activity 
(of which I know nothing) of a sub- 
stance of mind {of which also I know 
Ithing)? Or, if I say that ihe Deity 
' ses the sensation to arise in my 
id immediately after He has 
:d the particles of the sensorium 
)ve in a certain way, is anything 
;ed ? In truth a sensation, as we 
re already seen, is an intuition— a 
. t of immediate knowledge. As 
ich, it is an ultimate fact and inex- 
plicable ; and all that we can hope to 
find out about it, and that indeed is 
worth lindingoiit, is its relation toother 
natural facts. That relation appears 
to me to be sufficiently expressed, for 
all practical purposes, by saying that 
sensation is the invariable consequent 
o( certain changes iu the sensorium — 
or, in other words, that, so far as we 
know, the change in the sensorium is 
the cause of the sensation. 

I permit myself to imagine that the 
unluiored, if noble, savage of "com- 
mon sense" who has been misled 
into reading thus far by the hope of 
getting positive solid information 
about sensation, giving way to not un- 
natural irritation, may here interpel- 
late: "The upshot of all this iong 
disquisition is that we are profoundly 
ignorant. We knew that to begin 
with, and you have merely furnished 
another example of the emptiness and 
uselessness of metaphysics." But I 
venture to reply, Pardon me, you were 
but you did not know it. 



On the conlrary, you thought j'ou 
lew a great deal, and were quite 
tisfied with the particularly absurd 
etaphysical notions which you were 
pleased to call the teachings of corn- 
sense. You tliought that your 
ations were properties of exter- 
nal things, and had an existence out- 
side of yourself. You thought that 
you knew more about material than 
you do about immaterial existences. 
And if, as a wise man has assured us, 
the knowledge of what we don't know 
is the next best thing to the knowl- 
edge of what we do know, this brief 
excursion into the province of phi- 
losophy has been highly profitable. 

Of all the dangerous mental habits, 
that wliich schoolboys call " cocksure- 
ness " is probably the most perilous ; 
and the inestimable value of meta- 
physical discipline is that it furnishes 
an effectual counterpoise lo this evil 
proclivity. Whoso has mastered the 
elements of philosophy knows that 
the attribute of unquestionable cer- 
tainty appertains only to the exist- 
tnce of a state of consciousness so 
long as it exists; all other beliefs 
are mere probabilities of a higher or 
lower order. Sound melaphysic is an 
amulet which renders its professor 
proof alike against the poison ciE 
supers'ition and the couuterpolson 
of nihilism ; by showing that the affir- 
mations of the former and the denials 
of the latter alike deal with matters 
about which, for lack of evidence, 
nothing can be either affirmed or de- 
nied. 

I have dwelt at length upon the 

nature and origin of our sensations of 
smell, on account of the compara- 
tive freedom of the olfactory sense 
from the complications which are met 
with in most of the other senses. 

Sensations of taste, however, are 
generated in almost as simple a 
fashion as those of smeil. In this 
case, the sense organ is the epilheliuwi 
which covers the tongue and the 
palate ; and which sometimes, becom- 
ing modified, gives rise to peculiar 
organs termed "gustatory bulbs," 
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in which the epithelial cells elongate 
and assume a somewhat rod-like form. 
Nerve fibers connect the sensory 
organ with the sensorium, and tastes 
or flavors are states of consciousness 
caused by the change of molecular 
state of the latter. In the case of the 
sense of touch there is often no sense 
organ distinct from the general epi- 
dermis. But many fishes and amphi- 
bia exhibit local modifications of the 
epidermic cells which are sometimes 
extraordinarily like the gustatory 
bulbs ; more commonly, both in lower 
and higher animals, the effect of the 
contact of external bodies is inten- 
sified by the development of hair- 
like filaments, or of true hairs, the 
bases of which are in immediate 
relation with the ends of the sen- 
sory nerves. Every one must have 
noticed the extreme delicacy of the 
sensations produced by the contact 
of bodies with the ends of the hairs of 
the head ; and the " whiskers " of 
cats owe their functional importance 
to the abundant supply of nerv^es to 
the follicles in which their bases are 
lodged. What part, if any, the 
so-called "tactile corpuscles,^^ "end 
bulbs/' and " Pacinian bodies," play 
in the mechanism of touch is unknown. 
if they are sense organs, they are 
exceptional in character, in so far as 
they do not appear to be modifica- 
tions of the epidermis. Nothing is 
known respecting the organs of those 
sensations of resistance which are 
grouped under the head of the mus- 
cular sense ; nor of the sensations of 
warmth and cold ; noj of that very 
Singular sensation which we call tick- 
ling. 

In the case of heat and cold, the 
organism not only becomes affected 
by external bodies, far more remote 
than those which affect the sense of 
smell ; but the Deiiiocritic hypothesis 
is obviously no longer permissible. 
When the direct rays of thje sun fall 
"upon the skin, the sensation of heat 
is certainly not caused by " attenu- 
ated films'* thrown off from that lu- 
minary, but IS due to a mode of mb- 
tion which is ti'ansmitted tb us. In 



Aristotelian phrase, it is the form 
without the matter of the sun which 
stamps the sense organ ; and this, 
translated into modern language, 
means nearly the same thing as 
Hartley's vibrations. Thus we are 
prepared for what happens in the 
case of the auditory and the visual 
senses. For neither the ear, iior tne 
eye, receives anything but the \m^ 
pulses or vibrations originated by 
sonorous or luminous bodies. Never- 
theless, the receptive apparatus still 
consists of nothing but specially mod- 
ified epithelial cells. In the labyrinth 
of the ear of the higher animals, the 
free ends of these cells tenninate in 
excessively delicate hair-like filar 
ments ; while, in the lower forms of 
auditory organ, its free surface is 
beset with delicate hairs like those 
of the surface of the body, and the 
transmissive nerves are connected 
with the bases of these hairs. Thus 
there is an insensible gradation in 
the forms of the receptive apparatus 
from the organ of touch, on the one 
hand, to those of taste and smell ; 
and, on the other hand, to that of 
hearing. Even in the case of the 
most refined of all the sense organs, 
that of vision, the receptive apparatus 
departs but little from tl^jC general 
type. The only essential constituent 
of the visual sense organ is the retina, 
which forms so small a part of th6 
eyes of the higher animals ; and the 
simplest eyes are nothing but por- 
tions of the integument, in which th$ 
cells of the epidermis have become 
converted into glassy, rod-likfe retinal 
corpuscles. The outer ends of these 
are turned toward the light ; their 
sides are more or less extensively 
coated with a dark pigment, and their 
inner ends are connected with the 
transmissive nerve fibers. The light, 
impinging on these visual rods, pro- 
duces a change in them which is 
communicated to the nerve fibers, 
and, being transmitted t6 the senso- 
rium, gives rise to the sensation — if 
indeed all animals which possess eyes 
are endowed with What we understand 
'as sensation.' * 



^ 



AND OTHER ESSAYS. 



[3751 .4J 



In the higher animals, a complicat- 
ed appartus of lenses, arranged on the 
principle of a camera obscura, serves 
at once to concentrate and to individ- 
ualize the pencils of liglit proceed- 
ing from external bodies. But the es- 
sential part of the organ of vision is 
still a layer of cells, which have the 
form of rods with truncated or conical 
ends. By what seems a strange anom- 
aly, however, the glassy ends of these 
are turned not toward, but away 
from, the light ; and the latter has to 
traverse the layer of nervous tissues 
with which their outer ends are con- 
nected, before it can affect them. 
Moreover, the rods and cones of the 
vertebrate retina are so deeply sealed, 
and in many respects so peculiar in 
character, that it appears impossible, 
at first sight, that they can have any 
thing to do with that epidermis of 
which gustatory and tactile, and at 
any rate the lower forms of auditory 
and visual, organs are obvious modi- 
fications. 

Whatever be the apparent divers- 
ities among the sensiferous appa- 
ratuses, however, they share certain 
common characters. Each consists 
of a receptive, a transmissive, and a 
sensificatory portion. The essential 
part of the first is an epithelium, of the 
second, nerve fibers, of the third, a 
part of the brain ; the sensation is al- 
ways the consequence of the mode of 
motion excited in the receptive, and 
sent along the transmissive, to the 
sensificatory part of the sensiferous 
apparatus. And, in all the senses, 
there is no likeness whatever between 
the object of sense, which is matter 
in motion, and the sensation, which is 
an immaterial phenomena. 

On the hypothesis which appears 
to me to be the most convenient, 
sensation is a product of the sensifer- 
ous apparatus caused by certain modes 
of motion which are set up in it by 
impulses from without. The sensif- 
erous apparatuses are, as it were, 
factories, all of which at the one end 
receive raw materials of a similar 
kind — namely, modes of motion — 
.while, at the other, each turns out a 



special product, the feeling whicji 
constitutes the kind of sensation char- 
acteristic of it. 

Or, to make use of a closer coii]- 
parison, each sensiferous apparatus 
is comparable to a musical-box wound 
up ; with as many tunes as there are 
separate sensations. The object of a 
simple sensation is the agent whicfi 
presses down the stop of one of these 
tunes, and the more feeble the agent, 
the more delicate must be the mobility 
of the stop. 

But if this be true, if the recipient 
part of the sensiferous apparatus is, 
in all cases, merely a mechanism af- 
fected by coarser or finer kinds of 
material motion, we might expect to 
find that all sense organs are funda- 
mentally alike, and result from tht 
modification of the same morphologi- 
cal elements. And this is exactly 
what does result from all recent hisj- 
tological and embryological investi; 
gations. 

It has been seen that the receptiv^ 
part of the olfactory apparatus is ^. 
slightly modified epithelium, which 
lines an olfactory chamber deeply 
seated between the orbits in adult hu- 
man bemgs. But, if we trace back 
the nasal chambers to their origin iii 
the embryo, we find, that, to begip 
with, they are mere depressions of the 
skin of the fore part of the head, 
lined by a continuation of the general 
epidermis. These depressions be- 
come pits, and the pits, by the growt^ 
of the adjacent parts, gradually ac- 
quire the position which they finally 
occupy. The olfactory organ, there- 
fore, is a specially modified part of 
the general integument. ' 

The human ear would seem to pre- 
sent greater difficulties. For the es- 
sential part of the sense organ, in this 
case, is the membranous labyrinth, a 
bag of complicated form, which lies 
buried in the depths of the floor of thp 
skull, and is surrounded by dense and 
solid bone. Here, however, recourse 
to the study of development readily 
unravels the mystery. Shortly aftc^r 
the time when the olfactory organ 
appears, as a depression of the skip 
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^^^■^OD the side of the fore part of the 
^^^V. head, the auditory organ appears, as a 
^^^V similar depression on the side of its 
^^^V back part. The depression, rapidly 
^^^H deepening, hecotnes a small pouch ; 
^^^t and llien, the communication with the 
^^^^B exterior becoming shut otf, the pouch 
^^^^r^s converted into a closed bag, the epi- 
^^^^■' thelial lining of wliich is a part of the 
^^^B'general epidermis segregated from the 
^^^■rest. Tlie adjacent tissues, changing 
^^^H first into cartilage and then into bone, 
^^^H enclose the auditory sac in a strong 
^^^B case, in which it undergoes its further 
^^^^B metamorphoses ; while the drum, the 
^^^B,car boucs, and the external ear, are 
P^^^^ superadded by no less extraordinary 
Ul^^ modificaiions of the adjacent parts. 
Still more marvelous is Ihu liistory of 
the development of the organ of vision. 
1^^^ In the place of the eye, as in that of 
^^^^ the nose and that of the ear, ihe 
^^^1 young embryo presents a depression 
^^^V of the general integument ; but, in 
^^^ man and tlie higher animals, this does 
' not give rise to the proper sensory 

organ, but only to part of the acces- 
sory structures concerned in vision. 
In fact, this depression, deepening 
and becoming converted into a shut 
sac, produces only the cornea, the 
aqueous humor, and the crjstalline 
lens of tlie perfect eye. 

The retina is added to this by the 

outgrowth of the wall of a portion of 

' the brain into a sort of bag, or sac, 

■ whh a narrow neck, the convex bot- 
tom of which is turned outward, or 
toward the crystalline lens. As the 
development of the eye proceeds, the 
' ^onvex bottom of the bag becomes 

pushed in, so that it gradually obliier- 
j ates the cavity of the sac, the previ- 

^^H^ ousiy convex wall of which becomes 
^^^b deeply poncave. The sac of the brain 
^^^1 is now like a double nightcap ready 
^^^P for the head, but the place which thi 
I head would occupy is taken by ihi 

vitreous humor, while the layer o 
nightcap next it becomes the retina 
^^^ The cells of this layer which lie fai 
^^^ thcsf from the vitreous humor, or, ii 
^^H other words, bound the original cavit; 
^^H of the sac, are metamorphosed inti 
^^^L the rods and cones. Suppose no\ 
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I that the sac of the brain could be 
brought back to its original frjrm ; 
then the rods and cones would form 
part of the lining of a side pouch of 
the brain. Bnt one of ihe most won* 
derful revelations of embryology is 
the proof of the fact that the bra.u it- 
self is, at its first beginning, merely an 
infolding ofjlhe epidermic layer of the 
general integument. Hence it follows 
that the rods and cones of the verte- 
brate eye are modified epidermic cells, 
as much as the crystalline cones of 
the insect or crustacean eye are ; and 
that llie inversion of the position of 
the former in relation to light arises 
simply from the roundabout way in 
which the vertebrate retina is de- 
veloped. 

Thus all the higher sense organs 
start from one foundation, and ihe 
receptive epithelium of the eye, or of 
the ear, is as much modified epidermis 
as is that of the nose. The structural 
unity of the sense organs is the mor- 
phological parallel to their identity of 
physiological function, which, as we 
have seen, is to be impressed by cer- 
tain modes of motion; and ihty are 
fine or coarse, in proportion to the 
delicacy or the strength of the im- 
pulses by which they are to be af- 
fected. 

In ultimate analysis, then, it appears 
that a sensation is the equivalent la 
terms of consciousness for a mode of 
motion of the matter of the sensorium. 
But, if inquiry is pushed a stage far- 
ther, and the question is asked, What 
then do we know about maiter and 
motion ? there is but one reply possi- 
ble. All that we know about motion 
is that it is a name for certain changes 
in the relations of our visual, tactile, 
and muscular sensations; and all 
that we know about mailer is that it 
is the hypothetical substance of phys- 
ical phenomena — the assumption of 
the existence of which is as pure a 
piece of metaphysical speculation as 
' thatof the existence of the substance 
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up the sum toial of the elements of 
positive, unquestionable knowledge. 
We call a large seciion of these sensa- 
tions and their relations matter and 
motion; the rest we tenn mind and 
ihiiilting; and experience shows that 
there is a certain constant order of 
succession betsveen sojne of the for- 
mer and some of the latter. 

This is all that just meiaphj-sical 
crilicism leaves of the idols set up by 
the spurious metaphysics of vulgar 
common sense. It is consistent either 
with pure Materialism, or with pure 
Idealisui, but it is neither. For the 
Idealist, not content with declaring the 
truth that our knowledge is limited 
10 tacts of consciousness, affirms the 
wholly unprovable proposition that 
nothing exists beyond these and the 
substance of mind. And, on the other 
hand, the Materialist, holding by the 
truth that, for anything that appears 
to the contrary, material phenomena 
are (he causes of mental phenomena, ' 
asserts his unprovable dogma, that 
material phenomen;i and the sub- 
stance of matter are the sole primary 
existences. 

Strike out the propositions about 
which neither controversialist does 
or can know anything, and there is 
nothing left for them to quarrel about. 
Make a desert of the Unknowable, 
and (he divine Astrrca of philosophic 
peace will commence her blessed 
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ON CERTAIN ERRORS RESPECTING THE 
STRUCTURE OF THE HEART ArfRIB- 
UTEI) TO ARISlOrLE, 



[k all the commentaries upon the 
''istoria Animalium " which I have 
Aristotle's express and re- 
peated statement, that the heart of 
man and die largest animals contains 
only three cavities, is noted as a 
inarkable enor. Even Cuvier, who 
had a great advantage over most of 
the commentators in his familiarity 
[th the subject of Aristotle's descrip- 
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id whose habitual caution and 
desert him when 
the opportunity of panegyrizing the 
philosopher presents itself, is betrayed 
into something like a sneer on this 
topic, " He gives to that organ only 
three cavities — an error which at least 
shows that he had observed its struct- 
ure," (" Histoire des Sciences Natur- 
elles," i. p. 152.) 

To which remark, what follows 
wil'l, I think, justify the reply, that it 
" at least shows " that Cuvier had not 
given ordinary attention, to say noth- 
ing of the careful study which they 
deserve, to sundry passages in the first 
and the third books of the " Historia " 
which I proceed to lay before the 
reader. 

For convenience of reference these 
passages are marked ^, £, C, etc.* 

Boolti. 17.— (/J) "The heart has three cav- 
ities, it lies abovE the lung un the division of 
the windpipe, and has a falty and thick mem- 
brane where il is united with the great vein 
and the aorta. It lies upon the aorta, with it» 
point dovvn the chest, in all animals that have 
a chest. In all. alike in those that have a chest 
and in (hose that have none, the foremost 
pari of it is the apex. Thia ia often over- 
loakcd through the turning upside dowii of 
[he dissection. The rounded end uE the 
hear! ia uppermnat, the pointed end of it i> 
largely fleshy and thick, and in its ovitiea 
there are tendons. In other animals which 
have a chest the heart lies in the middle of 
the chest ; in men, mote to the left side, be- 
tween the nipples, a little inclined to the left 
nipple in (he upper part of the chest. The 
heart is not large, and its general iiirin is not 
elongated but rounded, except that the apex 
is produced into a point. 

{B) "It has, as alreadj; stated, three cavi- 
ties, Ibe largest uf them is on the right, the 
smallest on the left, Ibe middle-sized one in 
the middle ; they have all, also the two small 
ones, passages (rerp^/uva^) toward the lung, 
very evidently as respects one of the cav- 
ities. In the region of the union [with 
the great vein and ihe aorta] the largest civ 



ity is connected with 

which is the mesentery) ; the middle 

with the aorta. 



vitjr 



•The text T have followed is that given by 
Aubert and Wimmer, " .^ristotcles Thier- 
kunde ; kritisch berichtigter Text rait deut»- 
chen Uebersetiungj " but I have tried here 
and there to brine the English version rather 
closer to the origmal than the German trans- 
lation, excellent as it is, seems to me to br. 
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(C) " Canals {frdpot) from the heart pass to 
the lung and divide in the same fashion as 
the windpipe does, closely accompanying 
those from the windpipe through the whole 
lung. The canals from the heart are upper- 
most. 

(D) " No canal is common [to the branches 
of the windpipe and those of the vein] but 
through those parts of them which are in con- 
tact, the air passes in and they [the 7r6fx>i] 
carrv it to the heart. 

(A') " ^^"cof ^hc canals leads to the right 
cavity, the other to the left. 

(/' ) *• Of all the viscera, the heart aJone 
contains blood [in itself). The lung contains 
blood, not in itself but in the veins, the heart 
in itself; for in each of the cavities there is 
blood ; the thinnest is in the middle cavity. 

Hook iii. 3. — {G) " Two veins lie in the 
thorax alongside the spine, on its inner face ; 
the larger more forward, the smaller behind ; 
the larger more to the right, the smaller, 
which some call aorta (on account of the ten- 
dinous part of it seen in dead bodies), to the 
left. 1 hcse take their origin from the heart ; 
they pass entire, prcservmg the nature of 
veins, through the other viscera that they 
reach; while the heart is rather a part of 
them, and more especially of the anterior and 
larger one, which is continued into veins 
above and below, while between these is the 
heart. 

(//)** All hearts contain cavities, but in 
those of very small animals, the largest [cav- 
ity] is hardly visible, those of middling size 
have another, and the biggest all three. 

(/) " The point of the heart is directed for- 
ward, as was mentioned at first ; the largest 
cavity to the right and upper side of it, the 
smallest to the left, and the middle-sized one 
between these ; both of these are much small- 
er than the largest. 

(A')** They are all connected by passages 
(«Tr»'r*r/)//iT(i/) with the lung, but, on account 
of the smallness of the canaJs, this is obscure 
except in one. 

(/>) " The great vein proceeds from the 
largest cavity which lies upward and to the 
right ; next through the hollow middle part it 
l>ca>mesv vein ag;iin, this cavity being a part 
of the vein in \vhich the blood* stagnates. 

(J/) " The aorta (proceeds from] the mid- 
dle I cavity K but not in the same way, for it is 
connected' (with the* middle cavity] fey a much 
more narrow tulK. 

[X^ "The Igreat] vein extends through 
the heart. towaKi the aorta from the heart. 

U^ ^ ** The great vein is membranous like 
skin» the aorta narn>wer than it and very ten- 
dinous, and as it extends toward the' head 
and the lower jxaris it becomes narrow and 
altv^thcr tendinous, 

(/*)** In the nrst place, a part of the great 
vein extends upwanl trv>m the heart toward 
the )un^ and the attachment at the aorta, the 
xxin being large and undivided. It divides 
into iwo ivartsC the one to the lung, the other 
to the spine and the lowest vencbra at the 
reck. 



{Q) " The vein which extends to the lung 
first divides into two parts for the two halves 
of it and then extends alongside each tube, 
and each passage, the larger beside the larger 
and the smaller beside the smaller, so that 
no part [of the lung] can be found from 
which a passage, and a vein are absent. The 
terminations are invisible on account of their 
minuteness, but the whole lung appears full 
of blood. The canals from the vein lie above 
the tubes given off from the windpipe." 

The key to the wliole of the forego- 
ing description of the lieart lies in the 
passages (G) and (Z). Tliey prove 
that Aristotle, like Galen, five hundred 
years afterward, and like the great 
majority of the old Greek anatomists, 
did not reckon what we call the riglit 
auricle as a constituent of the heart at 
all, but as a hollow part, or dilatation, 
of the " great vein." Aristotle is 
careful to state that his observations 
were conducted on suffocated ani- 
mals ; and if any one will lay open the 
thorax of a dog or a rabbit, which has 
been killed with chloroform, in such 
a manner as to avoid woundinsr anv 
important vessel, he will at once see 
why Aristotle adopted this view. 

For, as the subjoined figure (p. 45) 
shows, the vena cava inferior (^), the 
right auricle {R.a,) and the vena cava 
superior and innominate vein (^./.) 
distended with blood seem to form 
! one continuous column, to which the 
, heart is attached as a sort of append- 
', age. This column is, as Aristotle 
! says, vein above (a) and vein below 
(b\ the upper and the lower divisions 
being connected by means of the in- 
tervening cavity or chamber (Rm.) — 
. which is tliat which we call the right 
auricle. 

But when, from the four cavities of 
the heart recognized by us modems, 
one is excluded, there remain three — 
which is just what Aristotle says. 
The solution of the ditficulty is, in 
tact, as absurdly simple as that pre- 
sented by the egg of Columbus ; and 
any error there may be, is not to be 
put down to Aristotle, but to that in- 
ability to comprehend that tht: same 
tact mav be accurately described in 
different ways, which is the special 
characteristic of the commentatorial 
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That the three cavities men- 
by Arbiotle are just tliose 
Icll remain if the right auricle is 
tted, is plain enough from what is 
Jip {B), (€),(£), (/), and (Z). 
r, m a suffocated auimal, tiie " right 
which is directly connected 
vith'the great vein, and is obviously 
ight ventricle, beingdistended with 
!)lood, win look much larger than the 
middle cavity, which, since it gives 
rise to the aorta, can only be the left 
ventricle. And this, again, will ap- 



pear larger than the Ihin and col- 
lapsed left auricle, which musi be Ar- 
istotle's left cavit)', inasmuch as this 
cavity is said to be connected by "'''"" 
with the lung. The reason why Aris- 
totle considered the left auricle to be 
a part of the heart, while he merged 
the right auricle in the great \'ein, is, 
obviously, the small relative size oE 
the venous trunks and their sharper 
deraarkation from the auricle. Galen, 
however, perhaps more consistently, 
regarded the left auricle also as a 




r 3dg liavln^ been killed by chlocofurm, enoucli of the tight wall of the thorax was 
prec^ without any notable bleeding, to expose the thoracic viscera. A carefully meas- 
, outline sketch of tha parts i'm situ was then made, and on dissection, lwenr\'-four 
^ s afttrward, the necessary anatomical details were added. The woodcut ia a failh- 
dly reduced copy of the drawing thus constructed i and it represents ibe relations of Ihe 
..eort and great vessels as Aristotle saw ihem in a suffocated animal. 

All but the inner lobe of the right lung lias been removed ; as well as the right hiilf of 
the pcficardium and the right walls of the right auricle and veiitricle. It must be re- 
'incinhered thai the thin transparent pericardial membrane appears nothing like so dislinti 
in natute. 

rfJ., Arislotle'a "greatvein"; r./., right vena innominala and vena cava superior i *, Ihe 
inEerioT vena cava ; A'ji., ihe '■ hollow middle " part of Ihe great vein m the right auri- 
dt ; fi.v', the iiroiongatitin of the cavitv of the right ventricle Jf.v towards Ihe pulmonary 
artery i Ir. one »t the tricuspid valves ; A, the pericardium ; /jv, superior intercostal vein ; 
</s. vena oiyeos; /".A., right pulmonary artcrv; Jit, right bronchus; £, inner lobe of the 
fij(liMiinK; t£, asophagns; *ii', descending aoria; //, liver, in section, with hepatic vein. 
wai po>lx.aad gall-blailder, gi, separated by ihe diaphragm, alsn seen in seciion, from 
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mere part of the "arteria venosa." 
The canal which leads from the rigkt 
cavity of the heart to the king (or, as 
Aristotle puts it (-£"), from the lung to 
the heart) is, without doubt, the pul- 
monary artery. But it may be said 
that, in this case, Aristotle contradicts 
himself, inasmuch as in {P) and (0 
a vessel, which is obviously the pul- 
monary artery, is described as a 
branch of the great vein. However, 
this difficulty also disappears, if we 
reflect that, in Aristotle's way of look- 
ing at the matter, the line of demar- 
kation between the great vein and the 
heart coincides with the right auriculo- 
ventricular aperture; and that, inas- 
much as the conical prolongation of 
the right ventricle which leads to the 
pulmonary artery {R,v in the Figure), 
lies close' in front of the auricle, its 
base may very easily (as the figure 
shows) be regarded as a part of the 
general opening of the great vein into 
the right ventricle. In fact, it is clear 
that Aristotle, having failed to notice 
the valves of the heart, did not distin- 
cuish the part of the right ventricle 
from which the pulmonary arter}- 
arises (A\tO from the proper trunk of 
the artery on the one hand, and from 
the right' auricle {Rm^ on the other. 
Thus the root, as we mav call it, of 
the pulmonary arier\' and the right au- 
ricle, taken together, are spoken of as 
the ** part of the great \*ein which ex 
tends upward '\/*^ .* and, as the vena- 
aiygos (.-l^) was one branch of this, so 
the *• vem to the lung " was regarded 
as another branch of it. But the lat- 
ter branch* being given off close to 
the connection of the gr^at vein with 
the ventricle* was also cvxuued as one 
of the two 'f^**^ by which the '' heart '' 
\^that is to say the right ventricle, the 
lef: x-xrntriclel and the let: auricle of 
our nc^wenciJiiur^'^ communicates wiih 
the lung. 

The only other diniculty that I ob- 
serve isconnec^Ni with v^*V It Ar- 
is^>t!e intendeii by this to amrm that 
the middle cjiv:ry\the left ventric!e\ 
like the ether tWv\ is dinwrtlv coc« 
oectevl with t!»e Iwcg by a •^*->.'V. he 
would be ia error. Be: be his ex- 



• 

eluded this interpretation of his words 
by (E), in which the number and rela- 
tions of the canajs, the existence of 
which he admits, are distinctly de- 
fined. I can only imagine then, that, 
so far as this passage applies to the 
left ventricle, it merely refers to the 
indirect communication of that cavity 
with the vessels of the lungs, through 
the left auricle. 

On this evidence I submit that there 
is no escape from the conclusion that, 
instead of having committed a gross 
blunder, Aristotle has given a descrip- 
tion of the heart w-hich,*o far as it 
goes, is remarkably accurate. He is 
in error only in regard to the differ- 
ences which he imagines to exist be- 
tween large and small hearts (H), 

Cuvier (who has been followed by 
other commentators) ascribes another 
error to Aristotle : — " Aristotle sup- 
posed that the trachea, the windpipe, 
is prolonged to the heart, and seems 
to believe in consequence that the 
air penetrates thither " (1. c. p. 152). 

Upon what foundation Cu\ier rested 
the first of these two assertions, I am 
at a loss to divine. As a matter of 
fact, it will appear from the following 
excerpts thai Aristotle gives an ac- 
count of the structure of the lungs 
which is almost as good as that of the 
heart, and that it contains nothing 
about any prolongation of the wind- 
pipe to the heart. 

** Within the neck lie what is called tlie 
oesophagus <so named on accoont of its 
length and its narrowness) and the windpipe. 
The position of the windpipe in all animals 
that have one, is in front of the cesopiiagasw 
All animals which pctssess a Icn^ have a 
windpipe. The windpipe is of a cartfl^i- 
nous nature and is exsacgnriK bot *s scr- 
rounded by manr itit!e Texz^ . . . 

•* It goes downward toward rise maddSe of 
the lung, and then dhijes for eack of the 
KiItcs of the luag. In all a^isaais that pos- 
sess one, the !uis: is divaoed 3to two pans : 
but. in those whkh bring focth t^e£r x^wcg 
alive, the separatfvxt is" not cqwC-r well 
xairked. least of aU in i*«*^ 

•* In oviparctts .nTTaiH. s«c& as bcrisv and 
:n i^ttJLdmpeib which are criparcoa,. rfae cae 
hall of the IsB^ is widsH se^^aDcd frc«: :^ 
ociser: so that it arpears s if ia«T tii rwo 
^aags. A»* ftoa liai^ sarJe. » w~»£z^ 
Ixcoeases ^cmocd =aBS?» twQjw^fic^ atsrrc to 
oca half cf liac Ixaj. Ir is ~ 
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great vein, and to what is called the anrfa, | 
When Ihe windpipe is blown up, the air 
pusses IcitQ the holluw pans iii the lung. In 
these, are car tiingi nous tubes {iuiM-ceii] which 
unite al an angle; from the tubes passages 
{rpijunra) IraverBe Ihe whole of the lungi 
they BIB cmilinually given off, Ihe smiller 
from the larger." (Book I i6.1 

That Arislolle sliould speak of the 
lung as a single organ divided inio 
two halves, and should say that the 
division is least marked in man, is 
puzzling at first; but ihe statement 
becomes inletligible, if we reflect upon 
the close union of the bronchi, the 
pulmonary \-essels and the mediastinal 
walls of the pleura;, in mammals;* 
and il is quite true that the lungs are 
nuich mote obviously distinct from 
one another in birds. 

Allbcrt and Wimmer translate the 
last paragraph of the passage just 
cited as follows : — 



1, mid aus ihncii fiihren Oeffiiungen 

diiicli die ganze Lunge, indem sic sich in 
iauner Idcintren veriwcigeii." 

But I cannot think that by itafbaac 
and '■/ifl/inra, in this passage, Aristotle 
meant either "partitions" or 0|>en- 
ings in the ordinary sense of tlie lat- 
ter word. For, in Cook iii. Cap. 3, in 
describing I lie distribution of the 
" vein which goes lo the iung " (the 
pulmonary artery), he says that it 

"extends aloiig.iide each tube (a!i!)iyyn.) and 
each passage {Tpf//in), the larger beside the 
luser.and the smnller beside the smaller; 
■o that no pan (of the lung) can be found 
from which a passage (r/)r;/ia) and a vein are 

Moreover, in Hook i. 17, he saj's — 

"Canals [irii/w) from the heart pass 10 the 
long ami divide in ihe same fashinn as the 
wiiwpipe does, closely accompanying those 
from llie windpipe through the whole lung." 

And again in Book i. 17 — 

"It {the lung) is entirely spongy, andaloiig- 

• In modern works on Velerinary Anato- 
li the lungs ate sometimes described aa two 
, single organ. 



is (tJ,io,) 



On comparing the last three state- 
ments with the lacts of the case, it is 
plain that by "'vm'^, or tubes, Aris- 
totle means the bronchi and so many 
of their larger divisions as obviously 
contain cartilages ; .md that by 
dfafioEic ;cDi«!piji5«i- he tlenoics the same 
things; and, if [his be so, then the 
■pi/ittTa must be the smaller bronchial 
canals, in which the cartilages dis- 

This view of tlie simcture of the 
lung lis perfectly correct so far as it 
extends ; and, bearing it in mind, we 
shall be in a position to understand 
wliat Arisiotle ihouglit about the pas- 
sage of air from the lungs into the 
heari. In every part of the lung, he 
says, in effect, (here is an air lube 
which is derived from the trachea, 
and otiier tubes which are derived 
from the ■^Ap'i which connect ihe lung 
whh the heart (jw/riJ, C). Their ap- 
plied walls constitute ihe thin " synap- 
ses " (^> sbs'a^i.y through which the 
air passes out of the air tubes into the 
Tripoi, or blood vessels, by transudation 
or diffusion; for there is no commu- 
nity between the cavities of the air 
tubes and cavities of the canals ; that 
[hat is to say, no opening from one 
into ihe other (su/ni, D). 

On ihe words "tu'^r^'ipos* Aubert 
and Wimmer remark (/. e. p. 239), 
" Da A. die Ansicht hat die Lungen- 
luft wiirde dem Herzen zugefuhrt, so 
postulirt er statt vieler Lleiner Ver- 
bindungen einen grossen Verbin- 
dungsgang Ewischen Lunge und 
Herz." 

But does Aristotle make this 
assumption? The only evidence so 
far as 1 know in favor of Ihe affirma- 
tive answer to this question is the fol- 
lowing passage :— 

" The heart and the windpipe are connected 
by fatty and cartilaginous and fibrous bands; 
where they are connected it ia hollow. Blow- 
ing into llie windpipe doe.i not show clearly 
in some animals, but in the largei' animals it 
is clear that Ihe air goes into it." [i. cap. 16.) 

r give a some- 
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what different rendering of this pas- partitions formed by the applied coats 

sage : — of the two sets of canals. But the 

"pneuma" which thus reached the 

" Auch das Herz hangt mit der Luftrohre interior of the blood-vessels was not, 

durch fcttrciche, knornelige und faserige j^ • Aristotle's opinion, exactly the 

Uandcr zusammcn; und da, wo sic zusam- ^^_^ ... ,,^ . ' ,^ ti xi 

mcnhungcn,,ist cine Ilohlung. Beim Auf^ same thing as the air. It was '' avp 

blascn der Lunge wird cs bei manchen Thie- '^^^^^ P^^ ««* oVof " ('* De Mundo," iv. 
rcn nicht wahrnehmbar, bei den grosseren 9) — subtilized and condensed air ; and 

ilcrz ' clan\"^^''"^'''' '^**''* ^'^ ^"^^ "' "^^^ ^^ ^^ ^^^^^ .^^ ^^^^ ^"^ whether Aris- 
crzgc ng . toil^ considered it to possess the 

The sense here turns upon the sig- Physical properties of an elastic fluia 
nification which is to be ascribed to ""l those of a liquid As he aftirms 

into it (^k «^r,/.). But if these words ^^^^ t| ^^'f /^,?y'^'^? ''^, ^^^ i'^^'J ''??; 

refer to the heart, then Aristotle has tain blood (7^), it is clear that he did 

distinctly pointed out the road which not hold the erroneous view propound- 

the air, m his opinion, takes, namely, ^^ "^ the next generation by trasis- 

Ihrouirh the " synapses " (D) ; and tratus On the other hand, the fact 

thcrc^is no reason that I can discover that he supposes that the spermatic 

to believe that he - postulated " any arteries do not contain blood but ^ 

other and more direct communication. ?.? T"u '' '^^'^f (" Hist. Animalium," 

With respect to the meaning of !"• ^} ^^^ws that his notions respect- 

KoV^6^,iaTiv Ut is hoUou\ Aubert and ^"S the contents of the arteries were 

Wimmer observe :— vague. Nor does he seem to have 

known that the pulse is characteristic 

„,.. . . , ui 1- 1 T only of the arteries ; and as he thous^ht 

" Dies scheuu wohl die kurze Lungenvene ^i • ^, ^ . ', . i«j /-i ** 

fu soin. Schneider bezieht dies auf die that the arteries end m solid fibrous 

Vorkammern, allcin diese werden untcn als bands, he naturally could not have 

Uohlcu dcs Herzcns beschricben." entertained the faintest conception of 

the true motion of the blood. But, 
I am disposed to think, on the con- without attempting to read into Aris- 
trar}*, that the words refer simply to totle modern conceptions which never 
the cavity of the pericardium. For a entered his mind, it is only just to 
part of this cavity (sinus transv^rsus observe that his view of what becomes 
/^n\\jn/ii) lies between the aorta, on : of the air taken into the lungs is by 
ihe one hand, and the pulmonary ves- ' no means worthy of contempt as a 
sels with the bifurcation of the ' gross error. On the contrary, here, as 
trachea, on the other hand, and is in the case of his anatomy of the 
much more consiTicuous in some ani- 1 heart, what Aristotle asserts is true as 
mals than in man. It is strictly cor- far as it goes. Something does actu- 
roct, therefore, in Aristotle's words, to ' ally pass from the air contained in the 
say that where the heart and the wind- lungs through the coats ot the vessels 
pi jx* are connected ** it is hollow.'* If into the blood, and thence to the 
ho had meant to speak of one of the heart ; to wit, oxygen. And I :h:nk 
pulmonary veins, or of any of the that it speaks very well for ancient 
cavities ot the heart, he would have Greek science that the investigator of 
usoil the tenns "^*^*^^ or «i^v*,oc which he so dithcuk a ph}-siological problem as 
always emplo\*s tor these parts, that of respiration, should have ar- 

Avwrvling to Aristotle, then, the rived at a conclusion, the statement 
air taken into the lungs passes, from of which, after the lapse of more than 
the tinal ramitications of the bron- two thousand years, can be accepted 
chisil tubes into the cv^rresiMndins: as a thorou^hlv established scientific 
branches of the pulmc^nary b!ood- truth. 

vos^e!s, no: thrvx:<:h orenin^i^s, but bv I trust that the case in favor of it^- 
:-;\r.sx:v;a::v^n, or, as we should now a- mo\*ias: the statements about the 
v^vvs s.tv, a;nus:on, throuirh the thin heart, from the list of the "^erTcrs d 
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Aristotle " is now clear ; and that the 
evidence proves, on the contrary, that 
they justify us in forming a very favor- 
able estimate of the oldest anatomical 
investigations among the Greeks of 
which any sufficient record remains. 

But is .Aristotle to be credited with 
the merit of having ascertained so 
much of the truth .^ This question 
will not appear superfluous to those 
who are acquainted with the extraor- 
dinary history of Aristotle's works, or 
who adopt the conclusion of Aubert 
and Wimmer, that, of the ten books 
of the " Historia Animalium " which 
have come down to us, three are 
largely or entirely spurious, and that 
the others contain many interpola- 
tions by later writers. 

It so happens, however, that, npart 
from other reasons, there are satisfac- 
tory internal grounds for ascribing the 
account of the heart to a writer of the 
time at which Aristotle lived. 

For, within thirty years of his death, 
the anatomists of the Alexandrian 
school had thoroughly investigated 
the structure and the functions of the 
valves of the heart. During this time 
the manuscripts of Aristotle were in 
the possession of Theophrastus ; and 
no interpolator of later date would 
have shown that he was ignorant of 
the nature and significance of these 
important structures, by the brief and 
obscure allusion — "in its cavities 
there are tendons " (A). On the other 
handy Polybus, whose account of the 
vascular system is quoted in the "His- 
toria Animalium," was an elder con- 
temporary of Aristotle. Hence, if 
any part of the work faithfully repre- 
sents that which Aristotle taught, we 
may safely conclude that the descrip- 
tion of the heart does so. Having 
granted this much, however, it is anf 
other question, whether Aristotle is 
to be regarded as the first discoverer 
of the facts which he has so well 
stated, or whether he, like other men, 
was the intellectual child of his time 
and simply carried on a step or two 
the work which had been commenced 
by others. 

On the subject of Aristotle's signifi- 



cance as an original worker in biology 
extraordinarily divergent views have 
been put forward. If we are to adopt 
Cuvier's estimate, Aristotle was sim- 
ply a miracle : — 

** Before Aristotle, philosophy, being entire- 
ly speculative, lost itself in baseless abstrac- 
tions; science did not .-exist. Science would 
seem to have sprung completely forward from 
the brain of Aristotle, as Mmerva sprung 
fully armed from the brain of Jupiter. In- 
deed this one man, without predecessors, 
without borrowing aught from the ages that 
went before, as they had produced nothing 
of solid merit, discovered and demonstrated a 
greater number of truths, performed more 
scientific work in a lifetime of 62 years than 
20 centuries have been able to perform since," 
etc. " Aristotle was the first to introduce 
the method of induction, comparison and ob- 
servation, in Older to reach general ideas, and 
the method of experiment in order to multv 
ply the facts iix>m which these general ideas 
may be deduced." ("Hist, des Sciences Nat." 
t. i. p. 130; t. ii. p. 515.) 

The late Mr. G. H. Lewes, on the 
contrary, tells us " on a superficial ex- 
amination, therefore, he [Aristotle] 
will seem to have given tolerable de- 
scriptions ; especially if approached 
with that disposition to discover mar- 
vels which unconsciously determines 
us in our stady of eminent writers. 
But a more unbiased and impartial 
criticism will disclose that he has 
given no single anatomical description 
of the least value. All that he knew 
may have been known, and probably 
was known, without dissection. . . . 
I do not assert that he never opened 
an animal ; on the contrary it seems 
highly probable that he had opened 
many. . . . He never followed the 
course of a vessel or a nerve ; never 
laid bare the origin and insertion of a 
muscle ; never discriminated the com^- 
ponent parts of organs ; never made 
clear to himself the connection of 
organs into systems." — (" Aristotle, a 
Chapter from the History of Science," 

pp. 156-7.) 

In the face of the description of the 
heart and lungs, just quoted, I think 
we may venture to say that no ^ one 
who has acquired even an elementary 
practical acquaintance with anatomy, 
and knows of his own knowledge that 
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which ArUtotle describes, will agree 
with the opinion expressed by Mr. 
Lewes ; and those w1k> turn to the ac- 
counts of the structure of the rock 
lobster and the common lobster, or to 
that of ti)e Ccphalopods and other 
Mollusks, in the fourth book of the 
"Hisloria Animalium," will probably 
feel inclined to object to it still more 
strongly. 

On tlie other hand, Cuvier's exag- 
gerated panegyric will as little bear 
the test of cool discussion. In Greece, 
the century before Aristotle's birth 
was a period of great intellectual ac- 
tivity, m the tleld of physical science 
no less than elsewhere. The method 
of induction has never been used to 
better elYect than by Hippocrates; 
and the labors of such men as Alk- 
meon, Demokritus, and Polybus, 
among Aristotle's predecessors; Dio- 
kles, and Praxagoras, among his con- 
temporaries, laid a solid foundation 
fur the scientific studv of (^natomy 
and development, incfependently of 
his labors. Aristotle himself informs 
us that the dissection of animals was 
commonly practiced; that the aorta 
had been distinguished from the great 
vein ; and that the connection of ooth 
with the heart had been observed by 
his predecessors. What they thought 
about the structure of the heart itself 
or that of the lungs, he does not tell 
us. and we have no means of knowing. 
So far fix>m arrogantly suggesting that 
he owed nothing to his predecessors, 
Aristotle is careful to refer to their ob- 
servations, and to explain why, in his 
Jiulgwent, they fell into the errors 
which he corrects, 

ArUiotle*s knowledge, in fact, ap- 
pears to ha\*e stood in the same rela- 
tion to that oC such men as Polybus 
and Pi^^^ues of ApoUonio* as that of 
lleu>phi\us and Krasistratus did to 
hU v^wo» so far as the heart is con- 
cernevl. He c;irrie^l science a step 
Ih?>\>ik1 the ^xniu at which be found 
it ; a meritorious^ but not a ^»i^ac^^ 
lous> achievement. What he did, re- 



quired the possession of very good 
powers of observation ; if they had 
been powers of the highest class, 
he could hardly have left such con- 
spicuous objects as the valves of the 
heart to be discovered by his succes- 
sors. 

And this leads me to make a final 
remark upon a singular feature of the 
" Historia Animalium." As a whole, 
it is a most notable production, full of 
accurate information, and of extremely 
acutq generalizations of the observa- 
tions accumulated by naturalists up to 
that time. And yet, every here and 
there, one stumbles ivpon assertions 
respecting matters which lie within 
the scope of the commonest inspec- 
tion, which are not so much to be 
called errors, as stupidities. What 
is to be made of the statement that 
the sutures of women's skulls are dif- 
ferent from those of men ; that men 
and sundry male animals have more 
teeth than their respective females ; 
that the back of the skull is empty ; 
and so on ? It is simply incredible 
to me, that the Aristotle who wrote 
the account of the heart, also com- 
mitted himself to absurdities which 
can be excused by no theoretical pre- 
possession and which are contradicted 
by the plainest observation. 

What, after all, were the original 
manuscripts of the *' Historia Anima- 
lium " ? If they were notes of Aris- 
totle's lectures taken by some of his 
students, any lecturer who has chanced 
to look through such notes, would 
find the interspersion of a foundation 
of general and sometimes minute ac- 
curacy» with patches of transcendent 
blundering, perfectly intelligible. 
Some competent Greek scholar may 
perhaps think it worth while to tell us 
what may be said for or against the 

I hypothesis thus hinted. One obvioos 
dl^culty in the way of adoptiQ|: It Is 

I the fact that* in othir works^ Aristotle 
refers to the ^ Historia Animalium ^ 
as if it had already beoi made public 

' bv himselL 
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LECTUEE L* 

The Three Hypotheses Respecting 
the History of Nature, 



Wo live in and form part of a sys- 
tem of thinjTS of immense diversity 
andperplexity,whichwecall]S"ature; 
and it is a matter of the deepest in- 
terest to all of us that we should form 
just conceptions of the constitution 
of that system and of its past history. 
With relation to this universe, man is 
in extent, little more than a mathe- 
matical point; in duration but a fleet- 
ing shadow; he is a mere reed, shaken 
in the winds of force. But, as Pascal 
long ago remarked, although a mere 
reed, he is a thinking reed; and in 
virtue of that wonderful capacity of 
ihought,he has the power of framing 
for himself a symbolic conception of 

♦These Lectures were delivered in 
New York Sept. 18, 20, 23, 1876. 
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the universe, which,although doubt- 
less highly imperfect and inadequate 
as a picture of the great whole, is yet 
suJEScicnt to serve him as a chart for 
the guidance of his practical affairs. 
It has taken long ages of toilsome 
and often fruitless labor to enable 
man to look steadily at the shifting 
scenes of the phantasmagoria of Na- 
ture, to notice what is fixed among 
her fluctuations, and what is regular 
among her apparent irregularities; 
and it is only comparatively lately, 
within the last few centuries, that 
the conception of a universal order 
and of a definite course of things, 
which we term the course of Na- 
ture, has emerged. 

But, once originated, the concep- 
tion of the constancy of the order of 
."NTaturo has become the dominant 
idea of modem thought. To persons 
familiar with the facts upon which 
that conception is based, and com- 
petent to estimate their si^ificance, 
it has ceased to be conceivable thai 
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chance should have any place in the 
universe, or that events should de- 
pend upon any but the natural se- 
quence of cause and effect. We have 
come to look upon the present as the 
child of the past and as the parent of 
the future; and, as we have excluded 
chance from a place in the universe, 
so we ignore, even as a possibility, 
the notion of any intei-ference with 
the order of nature. Whatever may 
be men's speculative doctrines, it is 
quite certain that every intelligent 
person guides his life and risks his 
fortune upon t ) belief that the order 
of nature is constant, and that the 
chain of natural causation is never 
broken. 

In fact, no belief which we enter- 
tain has so complete a logical basis as 
that to which 1 have just referred. 
It tacitly underlies every process of 
reasoning; it is the foundation of 
every act of the will. It is based 
upon the broadest induction, and it 
is verified by the most constant, reg- 
ular, and universal of deductive pro- 
cesses. But we must recollect that 
any human belief, however broad it« 
basis, however defensible it may 
seem, is, after all, only a probable 
belief, and that our widest and safest 
generalizations are simply statements 
of the highest degree of probability. 
Though we are quite clear about the 
constancy of the order of Nature, at 
the present time, and in the present 
state of things, it by no means neces- 
sarily follows that we are justified in 
expanding this generalization into the 
infinite past, and in denying, abso- 
lutely, that there may have been a 
time when Nature did not follow a 
fixed order, when the relations of 
cause and effect were not definite, 
and when extra-natural agencies in- 
terfered with the general course of 
Nature. Cautious men will allow that 
a universe so different from that which 
Tve know may have existed; just as a 
rery candid thinker may admit that a 
world in which two and two do not 
make four, and ir> which two straight 
lines do enclose a space, may exist, 
^he same caution which forces 



the admission of such possibilities de- 
mands a great deal of evidence be- 
fore it recognizes them to be any- 
thing more substantial. And when 
it is asserted that, so many thousand 
years ago, events occurred in a man- 
ner utterly foreign to and inconsistent 
with the existing laws of Nature, men, 
who without being particularly cau- 
tious, ar3 simply honest thinkei*s, un- 
willing to deceive themselves or de- 
lude others, ask for trustworthy evi- 
dence of the fact. 

Did things so happen or did they 
not? This is a historical question, 
and one the answer to which must be 
sought in the same way as the solu- 
tion of any other historical problem. 

So far as I know, there are only 
three hypotheses which ever have 
been entertained, or which well can 
be entertained, respecting the past 
history of Nature. I will, in the first 
place, state the hypotheses,' and then 
I will consider what evidence bearing 
upon them is in our possession, and 
by what light of criticism that evi- 
dence is to be interpreted. 

Upon the first hypothesis, the as- 
sumption is, that phenomena of Na- 
ture similar to those exhibited by the 
present world have always existed; 
in other words, that the universe has 
existed from all eternity in what may 
be broadly termed its present con- 
dition. 

The second hypothesis is, that the 
present state of things has had only 
a limited duration ; and that, at some 
period in the past, a condition of the 
world, essentially similar to that 
which we now know, came into exist- 
ence, without any precedent condi- 
tion from which it would have 
naturally proceeded. The assump- 
tion that successive states of Nature 
have arisen, each without any rela- 
tion of natural causation to an ante- 
cedent state, is a mere modification 
of this second hypothesis. 

The third hypothesis also assumes 
that the present state of things has had 
but a limited durati**::; but i. sup- 
poses thnt; thi.5 EZhw hasbeer^ <;,-olved 
by r '^aturr^ ^rucess froii> a** $^t^Q%* / 
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dent Btste, anJ thai from another, 
and 60 ou ; and, on this liypothesis, 
attempt to asaigii any limit lo 
series of past changes is, ut>ually, 

iven «p. 

It 18 BO nec'lful to form clear and 
£istiiii;t notiooa of what is really 
pieant by each of these hypotheses 
that I will ask you to imagine what, 
according to each, would have been 
visible to a spectator of the events 
which constitute the history of the 
earlli. On the firet hypothesis, how- 

F-er far back in time that spectator 

light be placed, he wotilil see aworld 
_JBentially, tliough perhaps not in all 
:4tB details, similar to that which now 
exists. The animals which existed 
would be the ancestors of those 
which now live, and similar to tiiem ; 
the plants, in like manner, would be 
Buch as we know; andtliemountaius, 
pliuns, and waters would foreshadow 
the salient features of our present 
land and water. This view was held 

ore or less distinctly, sometime? 

imbined with the notion of recur- 
it cycles of change, in ancient 
times i and its influence has been 
felt down to the present day. It is 
worthy of remark that it is a hypo- 
thesis which is not inconsistent with 
the doctrine of Uniformitarianism, 
with which geologists are familiar. 
Tlie doctrine was held by Hutton, 
And in liia earlier days oy Lyeil. 
Hutton was struck by the demonstra- 
tion of afltTonomers that the pertur- 
bations of the planetary bodies, how- 
ever great they may be, yet sooner 
or latei' right tiiemaelves; and that 
the solar system possesses a eelf-ad- 

I'osling power by which these aherra^ 
" 38 are all brought back to a mean 
iditiou. Hutton imagined that the 
might be true of terrestrial 
langes; although no one recognized 
ore clearly than he the fact that the 
dry land is being constantly washed 
down by rain and rivers and deposit- 
ed in the sea ; and that thus, in a 
longer or shorter time, the ioequali- 
tiea of the earth's surface must be 
levelled, and its high lands brought 
~ iwn tc the ocean. But, taking into 



acconnt the internal forces of the 
earth, which, upheaving the sea-bot- 
tom, give rise to newl and, he thousht 
that these operations of degradation 
and elevation might compensate each 
other ; and that thus, for any aasign- 
ablo time, the general features of our 
jilaoet might remdn what they are. 
Ana inasmuch aa, undertliese circum- 
stances, there need be no limit to the 
propagation of animals and plants, it 
ia clear that the consistent working- 
out of the uniformitarian idea might 
lead to the conception of the eternity 
of the world. Not that I mean to 
say that either Hutton or Lyell held 
ihia conception — assuredly not j they 
would have been the firet to repu- 
diate it. Nevertheless, the logical 
development of their arguments lends 
directly towards this hypothesis. 

The second hypothesis suppoaee 
that the present order of things, at 
seme no very remote time, had a 
sadden origin, and that the world, 
such aa it now is, had chaoa for its 
phenomenal antecedent. That is the 
doctrine which you will find stated 
most fully and clearly in the immor- 
tal poem of John Milton — the English 
Divbia VoTMnedia — Paradise Zioat. 
I believe it ia largely to the influence 
of that remarkable work, combined 
with the daily teachings to which we 
have all listened in our childhood. 
that this hypothesis owea its general 
wide diffusion as one of the current 
beliefs of English-speaking people. 
If you turn to the seventh boolf of 
J'aradise JLost, you will find there 
stated the hypothesis to which I re- 
fer, which is briefly this ; That this 
visible universe of onrs came into 
existence at no great distance of time 
from the present ; and that the parts 
of which it is composed made thuir 
appearance, in a certain definite or- 
der, in the space of six natural days, 
in such a manner that, on the first tA 
these days, light appeared; that, on 
the second, the hrmament, or sky, 
separated the waters above from the 
waters beneath the firmament ; that, 
on the third day, the waters drew 
away from the dry land, and upon it 
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a varied vegeinble life, similar to that . And rampant shakes his brinaed m«a3 ; 
which now exists, made its appear- j the ounce, 

anoe ; that the fourth day was sig- The libbard, and tiie tiger, as the mole 
nalized by the apparition of the sun, ^^^'"[^ ^^'' crumbled earth above them 

the stars, the moon, and the planets ; t^ i,:ii1«k« ♦i.^ «^-+* o.». ^ r«« ^ 

., ^ ' I ^r^. \ ^. .' in niUockSj tne swiit stag from undcr- 

that, on tlie htth day, aquatic am- ground 

mals originated within the Maters; Bore up his branching head; scarce Irom 

that, on the sixth day, the earth gave his mould 

rise to our four-footed teriestrial Behemoth, biggest bom ot eartl^, up- 

creatures, and to all varieties of tor- heaved 

restrinl animals except birds, which ^^ vastness,; fleeced the flocks and 

had appeared on the preceding day : * - ^i ^^„^^?^kL„ i 4. ^ 

J ;• T j.\. ^ ^ J •' * As plants: ambiguous between sea and 

and, linaliy, that man appeared upon loji^ 

the earth, and the emergence of the The river-horse and scaly crocodile, 

nnivei'se from chaos was finiched. At once came lorth whatever creepc the 

Miiton tells us, without the least ground, 

ambiguity, what a spectator of these Insect or worm." 

marvelous occurrences would have mi • -i i 

witnessed. I doubt not that his . ^here is no doubt as to the mean- 

poem is familiar to all o\ you, but I ^"^ ^^ ^^f statement, nor as to what 

should like to recall one passage to ^ "^?? /^^ ^^^^^" « Sf/^^^? expected 

your minds, in order that I may would have been actually visible to an 

bo justitied in what I have said r^ eye-witness of this mode of origma- 

carding the perfectly concrete, defi- ^^^"/^* living things. 

nite picture of the origin of the The thii-d hypothesis, or the hypo- 

animal world which MUtoa draws. ^^^'^ ^^ evolution, supposes that, at 

He savs : ^^^ c^naparatively late period of past 

time, our imaginary spectator would 
" The sixth, and of creation last, arose ^^^^ with a state of things very simi- 
With evening harps and matin, when lar to that which now obtains ; but 

Qodsaid, that the likeness of the past to the 

* Lot the earth bring forth soul hving in present would gradually become less 

her kind, and less, in proportion to the remote- 

Cattle and creeping t*ang^ and beast ot ^gss of his period of observation from 

Each in ^ir kind I' The earth obeyed, ^^\ Pf^f.^"^ ^^^^ ^^^ the existing 

and straight I distribution of mountanis and plains. 

Opening her teriile womb, teemed at a I ^^ rivers and seas, would show itself 

birth I to be the product of a slow process of 

Innumeroua living creatures, perfect { natural change operating upon more 

torms, I and more widely different antecedent 

Limbed and full-grown. Out of the conditions of the mineral framework 

ground uprose .. , ^ , j of the eailh; until, at length, in place 

hrwona ' beast, where !^^ ^^^ fraiiework, he would blhold 

In forest wild, in thicket, brake or dea ; ' ?^^7 » vast nebulous mass, represen^ 
Among the trees in pairs they rose, they ing the constituents of the sun and of 

walked; ' the planetary bodies. Preceding the 

The cattle in the fields and meadows forms of life which now exist, oiir ob- 

green ; '. server would see animals and plants 

T^ose rare and solitaij : these in flocks ^^^ identical with them, but like 
Pasturing at once, and mbroidherds up- ^j^^^. increasing their differences 

Tte ff?W^*clods now calved ; now haU' with their antiquity, and, at the same 

appears i time, becoming simpler and simpler ; 

The tawny lion, pawing to get free until, finally, the world of life would 

^s hinder parts — then springs, as broke present nothing but that undifferen- 

irom bondsi , tiated protoplasmic matter which. 
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far as our present knowledge goes, is 
the common foundation of all vital 
activity. 

The hypothesis of evolution sup- 
poses that in all this vast progression 
there would be no breach of continu- 
ity, no point at which we could say 
" This a natural process," and " This 
is not a natural process ;" but that the 
whole might be compared to that 
wonderful process of deveh^pment 
which may be seen going on every day 
under our eyes, in virtue of which 
there arises, out of the semi-liuid, 
comparatively homogeneous sub- 
stance which we call an egg; the com- 
plicated organization of one of the 
higher animals. That, in a few words, 
is what is meant by the hypothesis of 
evolution. 

I have already suggested that in 
dealing with these three hypotheses, 
in endeavoring to form a judgment 
as to which of them is the more 
worthy of belief, or whether none is 
worthy of belief— in which case our 
condiLioii of ujiud should be that sus- 
pension of judgment which is so diffi- 
cult to all but trained intellects — we 
should be indifferent to all a priori 
considerations. The question is a 
question of historical fact. The uni- 
verse has come into existence some- 
how or other, and the problem is, 
whether it came into existence in one 
fashion, or whether it came into exis- 
tence in another; and as an essential 
preliminary to further discussion, per- 
mit me to say two or three words as 
to the nature and the kinds of histori- 
cal evidence. 

The evidence as to the occurrence 
of any event in past time may be 
ranged under two heads which, for 
convenience's sake, I will speak of as 
testimonial evidence and as circum- 
stantial evidence. By testimonial 
evidence I mean human testimony, 
and by circumstantial evidence I 
mean evidence which is not human 
testimony. Let me illustrate by a 
familiar example what I understand 
by these two kinds of evidence, and 
what is to be said respecting their 
value. 



Suppose that a man tells yv.u that 
he saw a person strike another and 
kill him; that is testimonial evidence 
of the fact of murder. But it is pos- 
sible to have circumstantial evidence 
of the fact of murder; that is to say, 
you may find a man dying with a 
wound upon his head having exactly 
the form and character of the "wound 
which is made by an axe, and, with 
due care in taking surrounding cir- 
cumstances into account, you may 
conclude with the utmost certainty 
that the man has been murdered; that 
his death is the consequence of a blow 
inflicted by another man with that 
inplement. We are very much in 
the habit of considerinjy circumslan- 
tial evidence as of less value than tei- 
timonial evidence, and it may be that, 
where the circumstances are not per- 
fectly clear and intelligible, it is a 
dangerous and unsafe kind of evi- 
dence; but it must not be forgotten 
that, in many cases, circumstantial 
is quite as conclusive as testimonial 
evidence, and that, not unf ) equently, 
it is a great deal weightier than testi- 
monial evidence. For example, take 
the case to which I referred just now. 
The circumstantial evidence may be 
better and more convincing than the 
testimonial evidence ; for it may be 
impossible, under the conditions that 
I have defined, to suppose that the 
man met his death from any other 
cause but the violent blow of an axe, 
wielded by another man. The cir- 
cumstantial evidence in favor of a 
murder having been committed, in 
that case, is as complete and as con- 
vincing as evidence can be. It is evi- 
dence which is open to no doubt and 
to no falsification. But the testimo- 
ny of a witness is open to multitudi- 
nous doubts. He may have been 
mistaken. He may have been actua- 
ted by malice. It has constantly hap- 
pened that even an accurate man has 
declared that a thing has happened in 
this, that, or the other way, when a 
careful analysis of the circumstantial 
evidence has shown that it did not 
happen in that way, but in some other 
way. 
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W" //i/ty M^/w tUfU4uUrr ib<; ('VulHtnui 
\u 1n'/or of o$ ft^;iiri*t tfi/; thN^5 liy- 
\9ii^\u*¥A'n, \a^, m", itrtsi iWrci'X your 
BiU'ttiihtt Ut v/Unt U Up \rti Hnul about 
iht^ hy\foiht"<h of iUh Htaruhy of i\us 
nUiif^ Iff iliiM;/« in which wo now 
Wm'. Whfit/ will firMt nirika you ih, 
lliut iJ. \'i ii\ty]tnl\u'nm which, whcthcir 
friKtor HiIm/s ij4 not cnpahh? of v(?ri- 
th'/ifloM hy uny (jvi^hjnr.*?. For, in 
tmUtv in ohiuiii citlicr iiircurnHtjintiul 
or Ui^ritHMn'ml vv'uUmcn Miiilicicnt to 
piovn llin eternity of duration of t}io 
|)n*M(Mit r'lutn of luituro, you munt 
Ititvit mi (•((•rnity of witn(!HHCH or an 
titllnil y of rinMnnNtunouH, un<i noithor 
of t)H'H(< U iiMahui.l>lu. It Ik utterly 
ltn|HMHil)ln iJtiit Huoh (widonnn nhould 
hiMMinliMJ liovond a curtain point of 
thniM and all that oould bo naid, at 
nnml, would las that h(» far as the 
pvldiMUMt (U)uld bo traood, tiioro was 
uoddnu; to oontradiot tlio hypoUie- 
hIh Hut whou you H>ok, not' to tho 
(rxithnonlal ovidonoo - whioiu oousid- 
iMlng tho tvhvtivo insignitioanoo of 
(ho au(h|ultY of human rcHumis, 
lol^ht not bo gv>od for niuoh in this 
oai^o but to tl\o oiiXMunstantial ovi- 
\lomH\ thou YOU tbol that this hyuo- 
Ouv*^ U aKHv»luioly inoon\paubK^ with 
nuoh oYuU^uvH^ as wohavoj which 18 
of HO j^h^iu anvl j*in^j^»K^ a ohnraotor 
th«t \i U uu|HvvHibK* U( any \y»y to 
v^v^j^* fi\MU tho ovuiohis^ions wfiioh 
\t tvMWH mHM\ u?^ 

Y\n^ x^iw \loul^U^e^s* nil «iw;mv that 

*h^U^ t^ s^^X^'^sUvK^ t\^ \i\W\H ol^B^MTVa- 
livMK i^ th^t v^t ^ h\^W^>$5^HHVW^ ohar* 

V^t' tW J>bv^|\\l >itVH^{Vji vxf whh?h 



face of the earth. For example, the 
clialk, which oonstitiites a great part 
of the Cretaceous f ormatioii in some 
partu of ihe world, is practically 
identical in its physical and chemi- 
cal characters with a sabstance 
which is now being formed at the 
Viottom of the Atlantic Ocean, and 
covers an enormous area ; other beds 
of rr>ck are comparable with the 
Handn which are being formed upon 
HC»-8hore8, packed together, and so 
on. Thus, omitting rocks of igneous 
origin, it is demonstrable that all 
these beds of stone, of which a total 
of not less than seventy thousand 
feet is known, have been formed by 
natural agencies, either out of the 
waste and washing of the dry land, 
or else by the accumulation of the 
exuviiu^of plants and animals. Many 
of those strata are full of such exu- 
via) — tho so-called "fossils." Re- 
mains of thousand of species of 
animals and plants, as perfectly re- 
cognizable as those of existing forms 
of life which you meet with in muse- 
ums, or as the shells which you pick 
up upon the sea-beech, have been im- 
biHiiiod in the ancient sands, or muds, 
or limestones, just as they are being 
imluHided now, in sandy, or clayey, 
or calcareous subaqueous deposits. 
They furnish us with a reconl, the 
^Mioml natmre of which cannot be 
mi^lutcrpreled« of the kinds of things 
that haYc lived upon the soifaoe cf 
iht^ eanii during the time that is 
ne^tcrevl by this gieal thidkiiess of 
slratiticvi rvvk:$. l>at even a sopei^ 
cial iiluviv ot these i\>s>tls sliovs ns 
that iho auirua^ a:;vl plants w^iiph 
Uw a; the f rv:5.*Hit :isieh;)bveluhdoalT 
a t<f5ft|vvr;iry ayin&;K>u: for the le- 
ittatQ;^ ^>t ^^^^"^ QKNidem f o<itt$ cf fi§e 
arv cae( m i^L tVr Ute utoi^ potn. oolr 
::t 5 >» ii^^v<nBfik>?5 cc b£«i^( »stsKries*w 
;ju:vl ;^tr r::taaLCNer rk^-oitDr ^irr^ntyfces 

i:t ::W vvJkc ^c^sifwiw ^aie piaiM» of 
vr x^o^^ -fafrffTifcti mD»£ viiijacs azl^ taubn. 
l^t y^caKC ^.^lr3li$». ;a$^ xnmifcvu:;^ aoid 
v^^ vc^t^Mi «^ ^aM«^ w^iOcflL *i i«^ !uj^ in. 
;>f $acsM >K!ik:3G:i>{^ ^tta :nK.n:Tf cr j»» 
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rockfl, these are replaced by others 
yet more divergent from modern 
types ; and in the palaeozoic forma- 
tions the contrast is still more 
marked. Thus tho circumataiitial 
evidence absolutely negatives the 
conception of the eternity of the jnc- 
sent condition of things. We can 
say with certainty that the present 
condition of things has existed for a 
comparatively short period ; and 
that, so far as animal and vegetable 
nature are concerned, it has been pre- 
ceded by a different condition. We 
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can pursue this evidence uutil we 
reach the lowest of the stratified 
rocts, in which we lose the indica- 
tions of life altogether. The hypo- 
thesis of the eternity of the present 
state of nature may therefore bo pnt 
out of court. 

We now come to wh;»t I will term 
Milton's hypothesis — the hypothesis 
that tho present condition of things 
has endured for a comparatively 
short time ; and, at the commence- 
ment of that time, came iuto exiat- 
ence within the course of six days. 
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I doubt not that it may have excited 
some surprise in your minds that I 
should have spoken of this as Mil- 
ion's hypothesis, rather than that I 
should have chosen the terms which 
are more customary, such as "the 
doctrine of creation," or " the Bibli- 
cal doctrine," or "the doctrine of 
Moses," all of which denominations, 
as applied to the hypothesis to which 
I have just referred, are certainly 
much more familar to you than the 
title of the Miltonic hypothesis. But 
I have had what I cannot but think 
are very weighty reasons for taking 
the course which I have purswed. 
In the first place, I have discarded 
the title of the "doctrine of creation," 
because ray present business is not 
with the question why the objects 
which constitute Nature came into 
existence, but when they came into 
existence, and in what order. This 
is as strictly a historical question as 
the question when the Angles and the 
Jutes invaded England, and whether 
they preceded or followed the Ro- 
mans. But the question about crea 
tion is a philosophical problem, and 
one which cannot be solved^ or even 
approached, by the historical method. 
What we want to learn i8,whetherthe 
facts, so far as they are known, af- 
ford evidence that things arose in the 
way described by Milton, or whether 
they do not ; and, when that question 
is settled, it will be time enough to 
inquire into the causes of their origi- 
nation. 

In the second place, I have not 
spoken of this doctrine as the Bibli- 
cal doctrine. It is quite true that 
persons as diverse in their general 
views as Milton the Protestant and 
the celebrated Jesuit Father Saurez, 
each put upon the first chapter of 
Genesis the interpretation embodied 
in Milton's poem. It is quite true 
that this interpretation is that which 
has been instilled ict.o everyone of us 
in our childhood ; but I do not for 
one moment venture to say that it can 
properly be called the Biblical doc- 
trine. It is not my business, and 
does not lie within my competency, 



to say what the Hebrew text does, 
and what it does not signify ; more • 
over, were I to affii*m that this is the 
Biblical doctrine, I should be met by 
the authority of many eminent schol- 
ars, to say nothing of men of science, 
who, at various times, have absolute^ 
ly denied that any such doctrine is 
to be found in Genesis. If we are to 
listen to many expositors of no mean 
authority, we must believe that what 
seems so clearly defined in Genesis — as 
if very great pains had been taken that 
there should be no possibility of mis • 
take — is not the meaning of the text 
at all The account is divided into pe- 
riods that we may make just as loiig or 
as short as convenience requires. We 
are also to understand that it is con- 
sistent with the original text to be- 
lieve that the most complex plants 
and animals may have been evolved 
by natural processes, lasting for mil- 
lions of years, out of structureless 
rudiments. A person who is not a 
Hebrew scholar can only stand aside 
and admire the marvelous flexibility 
of a language which admits of such 
diverse interpretations. But as- 
suredly, in the face of such contradic- 
tions of authority upon matters re- 
specting which he is incompetent to 
form any judgment, he will abstain, 
as I do, from giving any opinion. 

In the third place, I have carefully 
abstained from speaking of this as 
the Mosaic doctrine, because we are 
now assured upon the authority of 
the highest critics, and even of dig- 
nitaries of the Church, that there is 
no evidence that Moses wrjte the 
Book of Genesis, or knew anything 
about it. You will understand that 
I give no judgment— it would be an 
impertinence upon my part to vol- 
unteer even a suggestion — upon such 
a subject. But, that being the state 
of opinion among the scbolara and the 
clergy, it is well for the unlearned in 
Hebrew lore, and for the laity, to 
avoid entangling themselves in such 
a vexed question. Happily, Milton 
leaves us no excuse for doubting what 
he means, and I shall therefore be 
safe in speaking of the opinion i.^ 
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,3 the Miltoiiic liypoUieaiB. 
HOW we have to test that hypo- 

ie. For ray part I have no pre- 

judioe one way or the uther. If there 
IS eviiluncse in favor of this view, I 
am burdened by no theoretical dilli- 
onltic!) in the way of accepting it; 
bat there must he evidence, Scientific 
men get an awkward habit — no, I 
■won't call it thai, (or it is a valuable 
hsbit — of believing nothing unless 
there is evidence for it; and they 
have a way of looking upon belief 
which is not based upon evidence, 
not only as illogical, but as immoral. 
We will, if you please, test this view 
by tlie circumstatitial evidence alone; 
for, from whnt I have said, you will 
underBtand that I do not propose to 
. the question of what teati- 
1^1 evidence is to bF> adduced in 
r of it If those whose business 
Kto judge are not at one as to the 
miioity of the only evidence of 
' ind which is oflei-cd, nsr as to 
which it bears witness, 
BiAeUBSioii of such evidence in su- 

, I may be permitted to regret 
1 necessity of rt-jfcting the lesti- 
mouial evidence the lexs, because the 
osamiuation of the circumstantial 
evidence leads to the conclusion, not 
only that it is incompetent to justify 
the hypothesis, but that, so far as it 
U, it ia ooutrary to the hypothesis. 
''bib oonaidei'utions upon which 1 
t' this oouclusion are of the sim- 
i possible character. The ])lil- 
3 hypothesis contains asBertioos 
I very definite character relating 
lie eucoessiun of living forms. It 

[TBtated that planl:*, for example, 

made their appearance upon the ihiivl 
day, and not before. And you will 
understand that what the poet means 
by plants arc such plants as now live, 
the ancestors, in the ordinary way of 
propagation of like by like, of the 
trses auil shrubs which flourish in the 
jot fvorld. It must needs be so; 
E they were different, either the 
Tag plants have been the result 
separate oi-iginatiou E.inee that 
nbcd by Milton, of which we 



have no record, nor any ground for 
supposition that snch an occurrence 
lias taken place ; or else they hai^ 
arisen bjr a praoess of evolution from 
the origuial stocks. 

In the second place, it is clear that 
there was no animal life before the 
iiftti day, and ttiat, on the fifth day, 
aquatic animt:! and birds appeared. 
And it is further clear that tcri'estrial 
living things, other than birds, made 
their appearani^u upon the sixth day, 
and not before. Ucncc, it follows 
that, if, in the large mass of circum- 
stantiai evidence as to what really has 
happened in the past history of the 
globe we find iudieaiions of the ex- 
istence of terrestrial animals, other 
than birds, at a ceilain period, it ii 
perfectly certain that all that has 
taken place since that time must be 
referred to tlie sisth day. 

In the great Carboniferous forma- 
tion, whence America derives so vast 
a proportion of her actual and poten- 
tial wealth, in the beds of coal which 
have been formed from the vegeta- 
tion of that period, we £ad abun- 
dant evidence of the existence of 
terrestrial animals. They have 
beeu described, not only by Euro- 
pean but by your own uaturalistA. 
There are to be found numerous 
insects allied to our cockroaches. 
There are to be found spiders aad 
scorpions of large size, the latter so 
similar to existing scorpions that it 
requires the practiced eye of the 
naturalist to distinguish them. Inas- 
much as these animals can be proved 
to have been alive in the Carbonifer- 
ous epoch, it is perfectly clear that, if 
the Miltonic account is to be accepted, 
the huge mass of rocks extending from 
the middle of the Falffiozoio forma' 
lions to the uppermost members of 
the series, must belong to the day 
which is ternied by Milton as the 
sixth. But, further, it is expressly 
stated thatacquattcanimalstookthetr 
origin upoa the lifth day, and not be- 
fore ; hence, all formations in which 
remains of acquatic animals can be 
proved to exist, and which therefore 
testify that such animals lived at the 
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tirnft whon IUcmg formation» wero in 
odtirMi) of (IqKMition, in«Kt kavo been 
(U}|MMitc4 during or Hinco the period 
which MilUm KpeakH of aH the fifth 
day. But thon^ in ab«ohitely no foggil- 
iftM'ouH formation in which the re- 
inaitm of aiiiiatic iKiimalH arc absent. 
Tho ot<h«fit ioMMilH in the Silurian rocks 
aro oxuviti) of niarino aniinalH ; and if 
tho vi<»w which i?* entortaihod by 
Principal DawHon and Dr. Carpenter 
rcHpcctin^ the nature of tho Aozoon 
1)0 well founded, acpiatio animals ex- 
ii4t(M| at II period as far antecedent to 
the d(»poMition of the coal as the coal 
\n from UM ; inaMmueh an the Ji!ozoon 
U met with in those Laurentian strata 
which lie at tho bottom of tho series 
of stratitietl roeks. Jlenee it follows, 
plainly enough, that the whole series 
of Htratitied nn^ks, if they are to be 
hmu^tfht inlo harmony with JSlilton, 
muH<. he ivfernnl to tho fifth and sixth 
di^j's, and that >ve cannot hope totind 
the sii^urhtest trace of the prtnlucts of 
the earlier days in the geological re 
\Hml, W lieu we consider t hese simple 
faetSt we sw how al^olutely futile are 
the Ht tempts that have Innni made to 
draw a pai^allel WtwtHMi the story told 
by sv> much of the crust of the Varth 
i^>^ 5* known to \is aiui the story which 
MiltvM\ tells. The whole series of 
txv^ibtVwus stratit^e^l rxx-^ks must Iv 
n»tVrr\Hlto the lasl two day:*: and 
weilher the i^arlH^uitVrxnis, nor any 
other^ tonuatiou ciu\ aifor\i ovid«HV 
of th\^ >^vrk of tho lhir\l dsiy. 

Not oulv is th^rx> this obj^Hiou lo 
jwiy ;i;^^iupt tv^ e<stabUsh a hamK^iv 
H^5we^i\ th^j* MiUvvnW ;jicv\^m »iulihc 
t\>^ot3^ \v^^vrvl^^l in ^h^^ t\vi«uIetVfvHis 
rvvk^ IhU liHfv^ is a ttt« Wr ditRcuUr. 
Vvwxrvliw^ tv^ th<» MiUK>uk* 5Kx\>ttut* 
^hv** \M\W iu which ;jutatt;jil$ shottlvi 
SAVK^ KMivk' ;heir ap^vAr:MKV ia th^^ 
S5r;!^i:t\\l i\vk* wvKiAl W ihts : Fi^be:?^ 
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animals, as we have just seen, occur 
in the Carboniferous rocks. 

If there were any hannony between 
the Miitonic account and the circum- 
stantial evidence, wc ought to have 
abundant evidence of the existence of 
bird-i in the Carboniferous, the Devo- 
nian, and the Silurian rocks. I need 
hardly say that this is not tho case, 
and that not ci trace of birds makes 
its appearance until the far later pe- 
riod which I have mentioned. 

And again, if ic be true that idl 
varieties of fishes and the great whales, 
and tho like, made their appearance 
on the fifth day, we ought to find the 
remains of these animals in the older 
rocks — in those which were deposited 
before tho Carboniferous epoch. 
Fishes we do find, in considerable 
number and variety ; but the great 
whales are absent, aad the fishes are 
not such as now live. Not one soli- 
tary species of fish now in existence 
is to be found in the Devonian or 
Silurian formations. Hence we arc 
introduced afresh to the dilemma 
i which I have already placed before 

< vou : either the animals which came 

* 

into existence on the fifth day were 
not such as those which are foond at 
presents are not the direct and imme- 
diate ancestors of those which now 
exist : in which case either fresh 
creations of which nothing is said; 
or a prooes;^ of evolation luiKst have 
oocurrevl : or else the whole slory 
must Ih> givmi u|\ as not only devoid 
of any crrvomstantial eTid«»ee» but 
ovHitmrv to soch evidenoe &» exxsa. 

1 pI;jio^l before yoa in a few words. 
some Uttlo ume a^ a s(a£eiwm( of 
the sum and snljiscatkc^ of MihottV 
hyiHXhe^ Le( use mo^w uy tOd(a(e 
OS b<i<»dy« (be edeicc of the ctroBB- 
$;a:ui:&I evidence Wiann^ vpoft tae 
f^iis^ hisCKvry <>f* the edurta whkk t» 
t^rti^<vL icricboat tiie p^ssoiiky of 
lu^akv^ wi:h t:v> iciuaoce «c «n«r » 
tv> ::>^ caWf f^iiisne^ Vy 

a r«;ir^>l <k^c UBK <c wmkft. ear 
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Ivow we ought to estimate tliis tii 
111 millions or in billions of ye; 
For loy purpose, the deterininatioi 
ils absolute duration is wholly ur 
Benti.ll. lint that the time was ei 
mous there can be no question. 

It results from the simplest methods 
of intcrpi'etatioii, that leaving out of 
view certain patches of melamor- 
pbosed rocks, and certain volcanic 
products, all that is now diy laud lias 
once been ac tho bottotu of the waters. 
lb is perfcotly certain that, at a com- 
— "^-.vely i-eoenl period of tho world's 
y — the Cretaceous epoch — none 
le great physical features which 
ipnsent mark the surface of the 
>uo existed. It is certain that the 
;ky Mountains were not. It is 
C6rtail) that the Himalaya Mountains 
were not. It is ceitain that the Alps 
and the Pyrenees had no existciioe. 
The evidence is of the piaineet pos- 
eibl6 character; and is simply this: 
We find raised up on the tianks of 
these mountains, elevated by the 
forces of iijiheaval which have given 
rise to them, masses of Cretaceous 
rook which formed the bottom of the 
sCH before those mountains existed. 
It is tlierefore clear that the elevatory 
forces which gave rise to the moun 
taiufl operated subsequently to the 
(Jrctacenus epoch ; and that the 
mountains thera selves are largely 
le up of the materials deposited 
sea which once occiipie(l their 
As we go back in time, we 
witlt constant altci-nations of 
and land, of estuary and open 
ocean; and. in correspond eucu with 
these alterations, we observe the 
change-1 in the faniia and lioru to 
whicli I have referred. 

But the inspection of these changes 
gjvo us no right to believe ihat there 
lias been any discontin<iity in natural 
ptOCeHses. There is no trace of geu- 
oraL cataclysms, of universal deluges, 
or sudden destructions of a. whole 
fauna or llora. The appearances 
which were formerly interpreted in 
that way have oil been shown to be 
^ilusivc, as our knowledge has in- 
1 and as the blanks which 



formerly apiiciii-ed to exist between 
the different formations have been 
lilled up. That there ia uo ahsoltite 
break bt'tween formation and foniia- 
lion, that ihei-e has been no KHddeu 
disappearance of all tho forms of 
life and replacement of them by 
others, but that changes iiave gone 
on slowly and gradually, that one 
type has died out and another has 
taken its place, and that thns, by in- 
sensible degrees, one fauna has been 
replaced by another, are conclusions 
strengthened by constantly increatung 
evidence. So that within the whole 
of the immense period indicated by 
the fosfiliferous stratilied rocks, there 

ajisuredly not the slightest proof of 

ly break in thenniformity of Nature's 
operatioiri, no indication that evonta 
have followed other than a clear and 
orderly sequence. 

That, I say, is the natnral and ob. 
vioua teaching of the circumstantial 
evidence containtd in tho stratified 
rocks. 1 leave you to consider how 
far, by an ingenuity of interpretation, 
by any stretching of the meaning of 
language, it can be brought into tiar- 

my with theMiltonic hypothesis. 

Tliere remains the third hypothesis, 
that of which I have spoken as the 
hypoliiesis of evolution ; and I pur- 
pose that in lectures to come, we 
should discuss it as ciarefully as we 
have considered the other two hypo- 
theses. I need not eay that it is quite 
hopeless to look for testimonial evi- 
dence of evolution. The very nature 
of the case precludes tie possibility 
of such evidence, for the human race 
can no more be expected to testify to 
its owi. origin than a child can be 
tendered as a witness of its own birth. 
Our Eolc inquiry is, what foundation 
circumstantial evidence lends to the 
hypothesis, or whether it lends 
none, or whether it controverts the 
hypothesis. I shall deal with the 
matter entirely as a question of his- 
tory. I shall not indulge in tho dis- 
cussion of any speculative probabili- 
ties. I shall not attempt to show that 
Nature is unintelligible unless we 
adopt some snch hypothesis. For 
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anytliing I know nbout tbo matter, il 
may be t)ic way of Nature lo bo nn- 
intelligiblc ; nhe ia often puzzling, 
and I have no reason to suppose that 
she ia bourul to tit herself to 
notions. 

I shall place l>cforo you threckinde 
of oviilence entirely based upou what 
13 known of the forma of animal life 
which ,it'o contained in the series of 
stratified rockii. I ehall endeavor to 
show yon that there is one kind of 
evidence nhicii i^ neutral, whicli 
neitlier helps evolution nor is incon- 
aisteiit with it. I shall then bring for- 
ward a second kind of evidence which 
indicates ji strong probability in favor 
of cvolulion, but does not prove it ; 
and, lastly, I shall adduce a third kind 
of evidence which, being a^ complete 
as any evidence we can hope to obtain 
Upon such asubject, and being wholly 
and strikingly in favor of evolution, 
may fairly be called demonstrative 
evidence of its occurrence. 



LECTURE II. 
7'Ae ITypotheais of JEholution. — The 

Nautral and the Favorable JSvi- 

dence. 

lu the preceding lecture I pointed 
-)ut thnt tliere are three hypotheses 
which may be cntertuncd, and which 
have been entertained, respecting the 
past history of life upon the globe. 
According to the first of Iheso hypo- 
theses, living beings, such as now 
exist, have existed from all eternity 
upon this earth. Wo tested thai 
hypothesis by the circumstantial evi- 
dence, as I called it, which is fiii- 
uiahed by the fossil remains con- 
tained in the earth'd crust, and wc 
found that it was obviously unten- 
able. I then proceeded to consider 
the second hypothesis, which I teiTned 
the Miltonic hypothesis, not because 
it is of any particular consequeuee to 
rao whether John Milton seriously 
entertained it or not, but because it 
is stated iu a clear and uumistakable 
manner in his great poem. I pointed 
out to you that the evidence at our 



command as completely and fully 
negatives that hyjJolJiesis as it did 
the preceding one. And I confess 
that I haii too much respect for yoor 
intelligence lo think it necessary to 
add that the negation w:im e<iua!ty 
clear and eipially viiliil, whatever 
the source fi-om which th^'t hypothe- 
sis might be derived, oi' Avh«everthi 
authority by which it might be sup- 
ported. I furtherstatcd that, accord- 
ing to the third hypothesis, or that of 
evolution,, the existing state of things 
ia the last term of a long wries of 
states, which, when traued back, 
would 1)0 found to show no interrup- 
tion and no breach iu the continuity 
of natural causation. I propose, in 
the present, and the following lec- 
ture, to test this hypothesis rigoronsly 
by the evidence atcomiuani^ and to 
inquire liow far that evidence can be 
said to be indifferent to it, how far it 
can lie said to be favorable lo it, and, 
inally, how far it can be said to bu 
demonstrative. 

From almost the origin of the dia 
cuBsions about the existing condition 
of the animal and vegetable worlds 
and the causes which have determined 
that condition, an argutncnt has been 

Iiut forward as an obiectiou to evo- 
utiou, which we shall have to con- 
sider verjr seriously. Il ia an argu- 
ment which was first clearly etaled 
by Cuvier in his criticism of the 
doctrines propounded by liis great 
contemporary, Lamarck. Tlic French 
expedition to Egypt had called th» 
niteution of learned men to the wou- 
rJerful store of antiquities in that 
country, i.n I there had been brought 
back to France numerous mnmmifaed 
corpses of the animals which the an- 
cient Egyptians revered and pre- 
served, and which, at a ruasonabto 
computation, must have Jivcil not lesa 
than three or four thouamd yeara be- 
fore the time at which they were thus 
bi-ought to light. Cuvier endeavored 
to test the hypothesis that animals 
have undergone groiiual and pro- 
gressive modiiications of structure 
by comparing the skeletons and such. 
other parts of the 
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ng stale ofpreseiTRlion, with 
le corresponding parts of the repre- 
aeritatives of the name speuies now 
Uving in Egypt. He arrived at the 
ooiivictiun thut no nppreoiable change 
had taken place in these aiitoiais in 
the course of this conaiderable lapse 
of time, and the justice of his con- 
clusion is not disputed. 

It is obvious that, if it 
proved that animals have; endured, 
without undergoing any demonstra- 
ble change of stniuture, for so long a 
iod as four thousand years, no 
of the hypothesis of evolution 
i assumes that animalx undergo 
latant and necessary progressive 
change can be tenable; anlcss, in- 
deed, it be further assumed that four 
thousand years ia too short a ti; 
the production of a change suflicient- 
ly great to be detected. 

But it is no less plain that if the 
process of evolution of animals ia not 
independent of surrounding condi- 
tions; if it may be indefinitely hast- 
ened or retarded by variations in 
the.se conditions; or if evolution is 
simply a process of accomodation to 
varying cond'lions ; the argument 
against the hypothesis of evohition 
based on the unchanged character of 
the Egyptian fauna is worthless. For 
the niouuments which are coeval with 
the mummies testify as strongly to 
the absence of change in the physical 
geography and the general condi- 
tions of the land of Egypt, for the 
time in question, as the mummies do 
to the unvarying characters of its 
living population. 

The pi-ogresa of research since 
Cavier's time has supplied far more 
etiilung examples ot the long dura- 
tion of the specific forms of life than 
those which are furnished by the 
mmamiliad Ibises and Crocodiles of 
Kgypt. A remarkable case is to be 
found in your own coantry, in the 
oeighborhoiid of the falls of Xi- 
sc^ra. In the immediate vicinity 
Oi the whirlpool, and again upou 
Goat Island, in tbe superficial de- 
ls which cover the surface of 
rocky subsoil in those regions, 



there are fomid i 

in perfect preservation, itiid among 
them, shells belonging to exactly the 
same species as those which at present 
iuhabitthe still waters of Lake Erie. 
It is evident.from the structure of the 
country, that these animal remains 
ware deposited in the beds in which 
they occur at a time when the lake ex- 
tended over the region in which they 
are found. This involves tbe cen- 
cluaion that they lived and died be- ' 
fore the fails had out their way back 
thi-ough the gorge of Niagara; and, 
indeed, it has t>een determined that, 
when these auimab Uved, the falls of 
Niagai'a must have been at least six 
miles further down the river thaa 
they are at present. Many computa- 
sious have been made of the rate at 
which the fails are thus cutting their 
way back. Those computations iiavu 
varied greatly, but 1 believe I am 
speaking within the bounds of pru ■ 
dence, if I assume that the falls of 
Niagara have not retreated at 9, 
greater pace than about a foot a year. 
Six miles, speaking roughly, are 30,- 
01)0 feet i 30,0U0 feet, at a foot a year, 
gives 30,000 years ; and thus we are 
fairly justified in concluding that no 
less a period than this has passed since 
the shell-tish, whose remains are left 
the beds to which I have referred, 
are Uving creatures. 
iiut ihere is still stronger evidence 
of the long duration of cei'tam tj-pes. 
1 have alreadyatated that, as we work 
7uy through the great ecries of 
Tertiary formations, we find 
many species of animals identical 
with those which hve at the present 
day, diminishing in numbers, it ia 
true, but still existing, in a certain 
proportion, in the oldest of the Ter- 
tiary rocks. Furthermore, when we 
examine tiie rocks of the Cretaceous 
epoch, we find the renuains of some 
animals which tbe closest scrutiny 
cannot show to be, iu any important 
respect, diffei'cnl from those wliich 
live at the present time. That is the 
case with one of the cretaceous lamp< 
shcUs (Terebratitla), which has con- 
tiuued to exist unchanged, or with 
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'.nsignificant variations, down to the 
present day. Such is the case with 
the Globigerinceythe skeletons of which 
aggregated together, form a large 
proportion of our English chalk. 
Those OlohigerincB can be traced 
down to the OlohigerinoB which lived 
at the suifaoe of the present great 
oceans, and the remains of which, 
falling to the bottom of the sea, give 
, rise to a chalky mud. Hence it must 
be admitted that ceitain existing 
species of animals show no distinct 
sign of modification, or transforma- 
tion, in the course of a lapse of time 
as great as that which carries us back 
to the Cretaceous period; and which, 
whatever its absolute measure, is cer- 
tainly vastly greater than thirty 
thousand years. 

There are groups of species so 
closely allied together that it needs 
the eye of a naturalist to dis- 
tinguish them one from another. If 
we disregard the small difter- 
ences which separate these forms 
and consider all the species of 
such groups as modifications of 
one type, we shall find that, even 
among the higher animals, some types 
have had a marvellous duration. In 
tlio chalk, for example, there is found 
a fish belonging to the highest and 
most differentiated group of osseous 
fisheS) which goes Iby the name of 
jBeryx, The remains of that fish are ! 
among the most beautiful and well | 
preserved of the fossils found in our t 
English chalk. It can be studied an- j 
atomicallv, so far as the hard parts are I 
concernecl) almost as well as if it were I 
a recent fish. But the genus Beryx \ 
is represented, at the present day, by 
very closely allied species, which are • 
living in the Pacific and Atlantic 
Oceans, We may still go farther 
back. I have already referred to the 
fact that the Carboniferous forma- 
lions* in Europe and in Ammca, con- 
tain the ivmaitts of scorpions in an 
admirable state of preservation, and 
that those scorpions are hardly dis- 
tinguishable from such as now live. 
I do not mean to say that they are not 
iiffexent, but close ecniliny is needed ^ 



in order to distinguish them from 
modern scorpions. 

More than this. At the very bot- 
tom of the Silurian series, in beds 
which are by some authorities referred 
to the Cambrian formation, where 
the signs of life begin to fail us — 
even there, among the few and scan- 
ty animal rem-ains which are discover- 
able, we find species of molluscous 
animals which are so closely allied to 
existing forms that, at one time, they 
were grouped under the same generic 
name. I refer to the well-known 
Lingula of the Lingula fiags, lately, 
in consequence of some slight differ- 
ences, placed in the new genus X/n- 
gvlella. Practically, it belongs to the 
same great generic group as the Lin- 
gular which is to be found at the 
present day upon your own shores and 
those of many other parts of the 
world. 

The same truth is exemplified if we 
turn to certain great periods of the 
earth's history — as, for example, the 
Mesozoic epoch. There are groups 
of reptiles, such as the IcIUhyosauria 
and J^lesiosauria, which appear 
shortly after the commencement of 
this epoch, and they occur in vast 
numbers. They disappear with the 
chalk and, throughout the whole of 
the great Mesozoic rocks, they pre- 
sent no such modifications as can 
safely be considered evidence of pro- 
gressive modification. 

Facts of this kind are undoubtedljr 
fatal to any form of the doctrine of 
evolution which postnlates the sup- 
position that there is an intrinsic ne* 
eessity, on the part of animal forms 
which have once come into existence, 
to undergocontinnal modification; and 
they are as distinctly exposed to any 
view which involves the belief that sncfa 
modification as mav occar, mnst take 
place, at the same rate, in all tbo dif- 
ferent types of animal or vegetable 
life. The facts, as I have placed them 
before yoa, obviously in^Qiectly con- 
tradict any form of the hypothesis of 
evolution which stands m need of 
these two postulates. 

Bot» one great 8eiTic%i> that ha?! 
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D FeDdcrcd hy Mr. Darwin to Liie 

tiino of ovolution in gonernl is 

this: ho has shown that there are two 
(du<f factoi':^ in the proce&s of evolii- 
liOD : one of them ia the tendency to 
vary, Ihe existence of which in all 
living forma may ba proved by ob- 
servation; the o'.her is the influence 
of BurriiTiiiding oonditions upon what 
I may call llu- parent form and the 
variatioiiH vvliiuh are thus evolved 
from it. The cause of the produc- 
tion of vaiiationa is a matter not at 
all properly understood at present. 
Whether variation depends upon 
some iutrioBte maohincry — if I may 
use the phrase — of the living organ- 
ism itself, or whether it arises through 
the influence of conditions upon that 
form, is uotcertaiu, and the question 
may, for the present, bo left open. 
But the important point is that, 
granting the esiateuceof the tendency 
to the production of variations ; then, 
whether t!ie variations wliich are pro- 
duced shall survive and supplant the 
parent, or w'hetlier the pareut form 
shall survive and supplant the vari- 
ations, is a matter which depends en- 
tirely on those conditions Wiich give 
rise to the struggle for existence. If 
the surrounding conditions are such 
that the parent form is more compe- 
tent to deal with them and flounsh in 
ihein l,han the derived forms, then, 
in the struggle for existence, the 
pareut form wilt maintain itself and 
the derived forms will be extermina- 
ted. But if, on the contrary, the con- 
ditions are such as to bo more favor- 
able to a derived than to the parent 
form, the parent form will be extir- 
pated and the derived form will talco 
Its place. lu the first case, tliere will 
beno progression, uo change of struc- 
ture, through any imaginable series of 
ages i in the second place, there will 
be modification and change of form. 
Thus the existence of these persists 
vat, types, as I have termed ttiein, is 
0^ obstacle in the way of the 
y of evolution. Take the cose of 

rpiouB to which I have just refer- 
No doubt, since theCarbonifer- 
t- epoch, conditions have always 



obtained, such as existed when tu 
scorpions of that epoch nourished; 
conditions in which scorpions find 
themselves better off, more compe- 
tent to deal with the diHiculties in 
their way, than any variation from 
the scorpion type which they may 
have produced) and, for that reason, 
the scorpion typo has persisted, and 
has not been supplanted by any other 
form. And there is no reason, in the 
nature of things, why, as long as this 
world exists, if there be conditions 
more favorable to scorpions than to 
any variation which may arise from 
theia these forms of iifeshuldnotper- 

Therefore, the slock objection to 
the hpolhesis of evolution, based on 
the long duration of certain animal 
and vegetable typos, is no objection 
at, all. The facts of this character — 
and tliey are numerous— belong to 
that claaa of evidence which I have 
called indifferent. That is to say, 
they may afford no direct support to 
the doctrine of evolution, but they 
are capable of being interpreted in 
perfect consiotency with it- 
There is another order of facts be- 
longing to the class of negative or in- 
different evidence. The great group 
of Lizards, which abound in the pre- 
sent world, extends through the whole 
series of formations as far back as the 
Permian, or latest Palceozoic, epoch. 
Tliese Permian lizards differ astonish- 
ingly little from the lizards which 
exist at the present day. Comparing 
the amount of the differences between 
them and modem lizards, with the 
prodigious lapse of time between the 
Permian epoch and the present age, 
it may be said that the amount of 
change is insiguilicaut. But, when 
we carry our researches farther book 
in lime, we find no trace of lizards, 
nor of any true reptile whatever, in 
the whole mass of formations beuoalh 
the Permian. 

Now, it is perfectly clear that if our 
palcoontologioal collections are to be 
taken, even approximately, as an 
adequate representation of all the 
foi-ma of animals and plants that hare 
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ever lived : and if the record furnished 
by the known series of beds of strati- 
lied rocks, covers the whole eeriea of 
evmita which constitute the history of 
life on llie globe, such a fact as this 
directly contravenes the hypothesis of 
evolution ; because this hypoihesis 
postulates that the exiBtence of every 
iorm mast have been preceded by that 
of some form little different from it. 
Here, however, we have to take into 
oonsideratiun that important truth sc 
well insisted uponby Lyell andby Dar 
win — the imperfeotion of the geologi- 
cal recoixl. It uan be demonstrated 
that the geological record must be 
complete, that it can only preserve 
remains found iu certaia favorable 
localities and under partioulav coodl 
tions i that it must be destroyed by 
processes of denudation, and obliter- 
ated by processes of metamorphosia. 
Beds of rock of any thickness, 
crammed full of organic remains, may 
yet, either by the percolation of water 
through them, or by the intiuence of 
BObterranean heat, lose all trace of 
these remains, and present the appear- 
ance of beds of rock formed under 
conditions in which living fonus were 
absent. Such metamorphic rocks 
occur in formatloua of alt ages ; and, 
in various cases, there are very good 
grounds for the belief that they have 
contained organic remains, and that 
those remaina have been absolutely 
obliterated. 

I insist upon the defects of the geo- 
logical record the more because those 
who have not attended to these mat- 
ters are apt to say, " It is ail very 
well, but when you get into a dilH- 
culCy with yonr theory of evolution, 
you appeal to the incompleteness and 
the imperfection of the geological 
record ;" and I want to make it per- 
fectly clear to you that this imperfec- 
tion is a y^reat fact, which nnist be 
taken into account in all our specula- 
r we shall constantly be going 



my friend, Professor Marah, with 
whom I had the opportunity recently 
of visiting the precise locality in 
which these tracks 
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I am, therefore, able to give 
you my own testimony, if needed, 
that the diagram accurately represents 
what we saw. The valley of the Con 
necticut is classical ground for ths 
geologist. It contains great beds of 
sandstOLie, covering many square 
miies, which have evidently formed a 
part of an ancient sea-shore, -or, it 
may be, lake-shore. For a certdn 
period of lime after their deposition, 
these beds hara remdned sulEciently 
soft to receive the impressions of the 
feet of whatever animals walked 
:m, and to preserve them af- 
terwards, in exactly the same way aa 
such impressions are at this hour pre- 
served on the shores of the Bay o> 
Fiinday and elsewhere. The diagram 
represents the track of some gigantic 
animal, whichwalkedonits bind legs. 
the I You see the series ,of marks ntadeal- 
> here (Fig. ternately by the right and by i 
kinduefis of foot; so that, from one impressioa 



LECTUBEB ON EVOLUTION. 



[638] H 



Pother of tlielliree-toedfoot oi 

Bide, is one stride, and that 
Btride, as we measured it, it 
nix feet nine incbc-B. I leave you, 
therefore, to form an impression of 
ttio magnitude of tlie creature which, 
as It walked along the ancient chore, 
made these impressions. 

Of such impressions there are un- 
told thousands upon these sandstones. 
Fifty or ei^ty different kinds have 
been discovered, and they cover vast 
ai'«aa. But, up to this present time, 
not a bone, not a fragment, of any 
one of the animals which left these 
irreal footmarks has been found ; in 
fact, the only- animal remains wliiuh 
have been met with in all these depos- 
its, from the time of their discovery 
lo the present day — though they have 
been carefully banted over — ia a 
fragmentary Bkeleton of one of the 
smaller forms. Whathaa become of 
the boi ?s of these animals? You see 
wo are not dealing with little crea- 
tures, but with animalB that make a 
step of six feet nine inches; and their 
rcmaiua must have been left some- 
where. The probability is, ttiat they 
have been dissolved away, an'', abso- 
lutely loalu 

I have had occasion to work out 
the nature of fossil remains, of which 
there was nothing left except casts of 
the bones, tho solid material of the 
skeleton haring been dissolved out by 
percolating water. It was a chance, 
ID this case, that the sandstone hap- 
pened to be of such a constitutioD as 
to set, and to allow the bones to bo 
afterward dissolved out, leaving cavi- 
ties of the exact shape of the bones. 
Had that constitution been other than 
what it was, the bones would have 
been dissolved, the layers of sand- 
stone would have fallen together into 
one mass, and not the sligntesl indi- 
cation that the animal had existed 
would have been discoverable. 

I know of no more striking evi- 
dence than these facts afford, of the 
cantion which should be used in 
awing tho conclusion, from the ab- 
^ of organic remains in a deposit, 
Esnimals or plants did not exist at 



the time it was formed. I believe 
that, with a right understand ill g cl 
the doctrine of evolution on the one 
hand, and a just estimation of the 
importance of the imperfection of tho 
geological record on the other, all 
difficulty ia removed from the kind of 
evidence to which I have adverted; and 
that we are justiticd in believing that 
all such cases are examples of what 1 
have designated negativeor indifferent 
evidence — that ia to say, they in jio 
way directly advance the hypothesis 
of evolution, but they ai-e not to he 
regarded as obstacles in the way of 
our belief in that doctrine. 

I now pass on to the consideration of 
those cases which, for reasons which 
.1 will point out to you by and by, are 
not to be regarded as demonstrative 
if the truth of evolution, but which 
TO snch as must exist if evolution be 
true, and which therefore are, upon 
the whole, evidence in favor of the 
doctrine. If tho doctrine of evolution 
be true, it follows ihat, however di- 
verse the diSercnt groups of aninmls 
and of plants may be, ihey must a!!, 
at one time or othei-, have been con- 
nected by gradatioual forms ; so that, 
from the highest animals, whatever 
they maybe, down to the lowest speck 
of protoplasmic matter in which life 
can be manifested, a series of grada- 
tions, leading from one end of the se- 
ries to the other, either exiata or has 
existed. Undoubtedly that is a ne- 
cessary postulate of the doctrine of 
evolution. But when we look upon 
living Nature as it is, wo find a to- 
tally different state of things. We 
find that animals and plants fall into 
groups, the different membei's of 
which are pretty closely allied to- 
gether, but which are ei'paraled hy 
definite, larger or sniallei-, In'caka f 'om 
other groups. In oilier words, no in- 
termediate forms which bridge over 
these gaps or intervals are, at present, 

be met with. 

To illustrate what I mean : Let mo 
call your attention to those vertebrate 
animals which are most familiar to 
you, such as mammals, birds and rej- 
tiles. At tho present day, thes'' 
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groups of animals arc perfectly well 
defined from one another. We know 
of no animal now living which, in any 
Benee, is intermediate between the 
mammal and the bird, or between the 
bird and the reptile ; but, on the con- 
trary, there are many very distinct 
anatomical peculiarities, well defined 
marks, by which the maminiil is 
separated from the bird, and the bird 
from the reptile. The distinctions 
are obvious and Btriking if you com- 
para the detinitiona of ihcae great 
groups as they now exist. 

The same may be said of many of 
the Bubordinulc gi'oiipB, or ordera, 
into which these great classes are 
divided. At the present time, for 
example, there are numerous forms of 
noti-ni mill ant pachyderms, or what we 
may call broadly, the pig tribe, and 
many varietieB of ruminants. These 
latter have their definite characteris- 
tics, and the former have their distin- 
guishing peculiaritieB. But there is 
nothing that fills np the gap between 
the ruminants and the pig tribe. The 
two are distinct. Such ako is the 
case in respect of the minor groups of 
the class of reptiles. The existing 
fauna ehowa us crocodiles, lizards, 
enakes, and toitoises ; but no connec- 
ting link between the crocodile and 
lizard, nor between the lizard and the 
Bnake, nor between the Buake and the 
crocodile, nor between any two of 
these groups. They are separated by 
absolute breaks. If, then, it could 
be shown that this state of things had 
aiM-ays existed, the fact would be fatal 
to the doctrine of evolution. If the 
intermediate gradations, which the 
doQlnne of evolution requires to have 
existed between these gioups, are not 
to be found anywhere in the re- 
cords of the past history of the 
glolic, their absence is a etrong and 
weighty negative argument against 
evolution ; while, on the other hand, 
if such intermediate forms are to 
be found, that is so much to the 
good of evolution ; although, for rea- 
sons which I will lay before you by 
and by, we must be cautions in our 
eetimate of the evidential cogency of 
facta of this kind. 



It is a vary remarkable rirciim- 
Btance that, from the commencenitnt 
of the serious study of fossil remains, 
in fact, from the time when Cuvier 
began his brilliant researches upon 
those found in the tjuarries of Mont>- 
martre, palteontology has shown what 
she was going to do in this matter, 
and what kind of evidence it lay ii 
her power to produce. 

I said just now that, in the existing 
Fauna, the sronp of pig-like animala 
and the group of ruminants are en- 
tirclv distinct ; but one of the first of 
Cuvier'a discoveries was an animal 
which be called the Anoplotheriam, 
and which proved to be, in a gi-eat 
many impoitant respects, intermediata 
in character between the pigs, on the 
one hand, and the ruminants ou the 
other. Thus research into the history 
of the past did, to a certain extent;, 
tend to fill up the breach between the 
group of ruminants and the group of 
pigs. Another remarkable animal 
restored by the great French palnoQ' 
tolo^st, the I'alixotheriiim, similarly 
tended to connect together animals t9 
all appearance so different as the iht- 
noceros, the horse, and the tapir. Sub- 
sequent research has brought to li^ht 
multitudes of facte of the same orderj 
and, at the present day, the investi- 
gations of suuh aualomistB as Kuti- 
meycr and Gaudry have tended to flU 
up, more and more, the gaps in our 
existing scries of mammals, and to 
connect groups formerly thought to 
be distinct. 

But I think it may have an especial 
interest if, instead of dealing with 
these examples, which would require 
a great deal of tedious osteological 
detail, I take the case of birds and 
re])tiles; groups which, at the present 
day, ai-e so clearly distinguished from 
one another tiiat there are perhaps no 
classes of animals which, in popular 
apprehension, are more oompletefy 
separated. Existing birds, as you ara 
aware, are covered wiih feathers; tb«r 
anteHor extremeties, specially and p»« 
culiai'ly modl^d, are converted into 
wing^, bythe aid of which most d 
theiu are able to fly ; they walk -«» 
right ou two legs; and these lit'tfj) 
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ID tbey are ooiieidered anfttoinioftl- 
lireeeut a great uiitnliei' ot' exuccd- 
iugly iiiinaricablc pt^uuiiariLiue, tc 
wliiuh I may have ocuaulu)! lo advert 
iliuideiitally as 1 ^o on, and whioh are 
■-)l met Willi, eveu appi'uximatcly, 
iXlHliug furma ut retitiles. ( 
Otiiev hand, existiiiy reptiles have 
fviitliers. Thfy may liave naked 
or be covered with horny acalea, 
'' plates, or witli both. They 
no wiugs; they naithtr tly by 
of their fore-limbs, nor habitu- 
\y walk upright upon their hind- 
limbs ; and the bonea ci itieir legs 
pri^Heiit no such modifications as we 
liiid in bird«. It ia impossible to im- 
uginu iuiy two groups more definitely 
and disiinetly separated, notwith- 
standing certain chsiaeters whioh 
tbey possess in common. 

As wo trace the liistoiy of birds 
back ill time, wo tind the.r remains, 
•ometimes in great abundance, 
ighout tlio wliolo extent ot" the 
:iary i-ocks; but, eo far 
..Bent knowledge goes, the birds of 
ie tertiftry rouks retain the Bume es- 
sential characters as the birds of the 
present day. In otlier words, the 
tertiary birds coiua within the defini- 
tJoti of the class constituted by exists 
ing birds, and are as muul: separated 
fl'ota reptiles aa existing birds are. 

Not viiry long ago no remains of 
birds had beenfound below the ter- 
tiary rooks, aod I am not sure but that 
Bonis persona were ])ie)»ired to dem- 
onslratQ that they could not have ex- 
isted at an earlier period. But, in the 
course ot the last few years, such re- 
mains liave been discovei'ed in Eng- 
land; though, luifortunately, in bo im 
purfect and fragmentary a condition, 
that it is impossible to Bay whether 
Ibey differed from existing birds in 
may essential character or not In 
your country, the development of 
Ab cretaceous aeries of rocks is enor- 
mous; the conditions under which the 
lattef cretaceous strata have been de- 
posited are highly favorable to Uie 
^servation of organic remains; and 
'V resuarehes, full of labor and r sk, 
have been cari'ied on by Pro- 



80 met: 

■r«u( 
dial 
Biter 
Bte 



fessor ^larsh in these cretaecous 
rocks of Western America, liave re» 
warded hiia with the discovery of 
forms of birds of which we had hith- 
cito no conception. By his kindneei, 
I am enabled to place bctorc you a r^ 
storatioii of one of these extraordinary 
b'rds, every part of which can be 
thoroughly juslitiodbythemoreorlese 
complete skeletons, in a pei-fect etata 
of preservation, which he has diacov- 
ered. This J/esperorttis (Fig 3), which 
measured between five and six feet in 
length, is astonishbgly like onr exlat- 
iug' divers or grebes in a great many 
respects; so like them, indeed, that, 
had the skeleton of J/esperomis been 
found in a museum without its skull, 
it probably would have been placed 
in the same group of birds as the 
divera and grebes of the present day.* 
But Uttperornis differs from all ex- 
isting b'rds, and so far resembles 
reptiles, in one important particidar 
— It is provided with teeth. The 
long jaws are armed with teeth whioh 
have curved crowns and thick roota 
(Fig. 4), and are not set in distinct 
sockets, but are lodged in a groove. 
In possessing true teeth, the Aeapar- 
or Ilia differs from every existing 
bird, and from every bird yet discov- 
ered in the tertiary formations, the 
tooth-like serrations of the iaws ia 
the Odontopteryx of the London 
clay, being mere processes of the 
bony substance of the jaws, and not 
teeth in the proper sense of the word. 
In view of the characteristics of this 
bird we are therefore obliged to mod- 
ify the definitions of the classes of 
birds and reptiles Before the dis- 
covery of Jlesperornis, the definitioa 
of the class Avea baaed upon out 
knowledge of existing birds, might 
have been extended to all birds ; it 
might have been said that the ab- 
sence of teeth was characteristic of 



The absence ot any k«e1 on the 
breast-bnne and some other oatcolo^iical 
pecutiuritics, observed by Prolrasor 
Marsh, however, suggest that Baperomia 
may be a modification of a less special- 
ised group of birds than tlint to which 
these csiatiag auqualic birds belong. 
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the cl^s of birds ; but the discovery 
of »ii animal which, in every pait of 
its skeleton, closely agrees with exist- 
ing birds, and yet poaaeRseB teeth, 
Hhows tliat there were aacient birds 
which ill respect of possessing teeth, 
approached reptileR more nearly than 
anv existing bird doc^, and, to that 
nrtcDt, diminishes the hiatus be- 
twecii the two classea. 



of the vertebras of existing and of *)! 
known tertiary birds, bnt were concave 
at each end. Tliis discovery leads na 
to make a further uiodiiioation in the 
definition of the group of birds, and 
to part with another of tho characters 
liy which almost all cxistipg birda are 
distinguished from i-eptiles. 

Apart from the few fragmentary 
remains from tho Englicli gi'eeiisana, 
to which I !i;ive i-efei-L'id, tlic iiiesozota 
rocks, oldur tUau tboee iu which JIe»- 
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^ 



but the 

sockets, 



which also posunes tceih 
teeth are situated Jn distinci 
while those of Mespvrornis ; 
lodged. The latter also has such 
very small, almost rudimentary, 
wings, that ii, must have been chiefly 
a Bwimmer and a diver, like a Feu- 
gniii ! while IvAtk'/ornis has strong 
wings, and no doubt possessed corre- 
apoadingpowemofllight. Ichthyomia 
also differed in the fact that itsverte- 
brte have not the peculiar charaoters 



(Mu«h). 

peromis and lehthyomia hava bean 1 

discovered have afforded no certain ! 
evidence of birds, with the remarkable 1 
exception of the Solenhofen slates. 
These ao-oalled slates are composed of J 
a fine grained calcareous mud, whiuh I 
has hardened into lithographic stone,,' 
and in wbiuh organio remuins are al- 1 
most as well preserved as they I 
would be if they hod been im- I 
bedded in ko nitich plaster jj! I 
Paris. They yielded the Arch'm- ■ 
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kpMryz, the existetice of irhioh was 
wst made known by the finding of 
"afosEiil feather, or rather of the im- 
pression of one. It is wonderful 
enough that such a perishable thing 
a feather, and nothing more, should 



fortunately wanting, and it is there- 
fore uncertain whether the Araha- 
opteryx possessed teeth or not. But 
the remainder of the skeleton is so 
well preserved as to leave no doubt 
respecting the main features of (he 




I 



^ 



PlO. 4. HESPEAOKH'tS Reqalib (MaTsh). 

jper views of half the lower jaw ; side and end vieiTB ol a vertphra uod n 
separate tooth.) 

^discovered; yet, for a long time, I animal, which are very Bingular- 
l^hingwas known of this fiird es- The feet are not only altogether bird- 
nt its feather. But, by and by a like, but have the speuial eharacters 
Piitaryskeleton waadiscoveredjwhich of the feet of perching birds, while 
I ROW tn the British Museum. The the body had a elothing of true feath- 
U of tliis solitary specimen is uo- 1 ers. NevertbelesB, iu Bome other 
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respeota, Ara/itsoptetyx is niilike k 
bird and like n re|)tile. There is n 
]on^ tail composeii of many verte- 
bne. The structure of the wing dif- 
1 fers in aome very remarkable respects 



to the bones of the fingors which lie 

in the palin of the limid. are fusud to- 
gether into one ina)«B ; and the whole 
apparatus, except the lii^l joiota of 
the thuml), ia bouud up in a aheatb of 



IF 




Fro. 5. — IcKTffTomnH DisrAB (Marsh.) 
(Sde and upper views of half the lower jaw ; and aide and cod TJeira of s 
Tcrtebra.) 

from that which it presents in a true integument, while the edge of tho 
bird. In tliii latter, the end of the liand carries the priiidpal quill-fealb- 
wing anawera to the thrimb and two ei-s. In the Archteopteryx, the up^r- 
fingers of my hand; but the meta- arm bono ia like that of a birds 
carpal bones, or those whioti answer and the two boues of the forearm vy _ 
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01" leaa like those of a biril. but 
!«« fingers nre not bound togelher — 
they aie free. What llieir tuimber 
mav have l>cen is nDc«rLaiii ; but eev- 
aral, if not all, of them were termi- 
nali'd hy strong curved clawe, not like 
aach as are Bometimes found in birds, 
but such as reptiles poBsees ; bo thiit, 

in the Archa<^tejyx,veb&ve3.) ' 

mal which, to a «erlain extent, 
pies a midway place between a bird 
and a reptile. It la a bird bo far t 
its foot and sundi-y other parts of il 
dceleton are concerned; it is esser 

"ly and thoroughly a bird by its 

tthers ; but it is much more properly 
reptile in the fact that the region 
'irhich repreeents the hand has i»epa- 
ratc bones, with claws resembling 
tliosc which terminate the fove limb 
of a reptile. Moreover, it had a 
long reptile like tail witli a fringe of 
feathers on each side; while in all 
true birds hitherto known, the tail is 
relaiively short, and the vei-tebvai 
" 'bich conatitnte its Hkeletoa are 

lerally pecnliarly modilied. 

Like the -tnoplotherlum and the 
*aleeotherium, therefore, Arcfuxop- 
tends to fill up the interval 

itWeen groups which, in the exist- 
ig world, are widely separated, 
and to destroy the value of the 
definitions of zoological groups 
based upon our knowledge of exis- 
ting formn. And such cases as 
these constitute evidence in favor of 
evolution, in ro far as they prove 
that, ill former periods of the world's 
history, there were animals which 
overetepped the hounds of existing 
p^onps, and tended to merge them 
into largerassemblages. They show 
that animal organiza^tion is more flex- 
ible than our knowledge of recent 
forms might have led us to believe ; 
and that many strnctural permuta- 
tions and oombinationa, of which the 
lent world gives us no indioatlan, 

ly nevenheleBB liavo esisted. 

But it by no means follows, because 

J'almiitherium has much in com- 

wilh the UorBe, on the one hand, 

with thelthinoceroaon the other, 

it is the intermediate form 



through which Rhinoceroses haw 
I>asHed to become Horses, or vice ver- 
sa; on the contrary, any sncli siippo- 
siiioQ would certainly be enoiicous. 
Nor do I think it likely that the 
transition from the reptile to the bird 
has been elfected by such a form aa 
Archwopteryx. And it is couvi'nieut 
to distinguish these intormediato 
forms between two groups, ivliioh 
do not represent the actual passage 
from the one group to the othci', as 
intercalary types, from those linear 
types which, more or less approxi* 
mately, indicate the nature of the 
steps by which the transition from 
group to the other w«.s effected, 
conceive that such linear forms, 
constituting a series of natural gra- 
dations lietween the reptile and the 
bird, and enabling us to understand 
the manner in which the replilian 
has been metamorphosed into the bird 
type, are really to be found among a 
group of ancient aud extinct teiTcs- 
trial reptiles known as the Ornitho- 
acelida. The remains of these ani- 
mals occur througout the scries of 
mesozoio formations, froui the Trias 

the Chalk, aud there are indica- 
lious of their existence even in the 
latter Palfeozoio strata. 

Moat of these reptilei at present 
iinown areof great size, some having 
attained alength of fortyfeet or per- 
haps more. The majority resembled 
lizards and crocodiles in their general 
form, and many of them wei-e, like 
crocodiles, protected by an armor of 
heavy bony plates. But, in othetn, 
the bind limbs elongate and the fore 
limbB shorten, until their relative 
proportions approach those which 
are observed in the short-wingedt 
"Ifibtless, ostrich tribe among birds. 

The skull is relatively light, and io 
some cases the jaws, though bearing 
teeth, ai-e beak-like at their extremi- 
ties and appear to have been envel- 
oped in a homy ebeatb. Tu the part 
of the vertebral column which lies 
between the haunch bones aud is 
called the sacrum, a number of 
ertebrffl may unite together into one 
whole, aud in this respect as in somti 
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details of its Btmcture, the Gacrem of 
those rcpttleH approaches that of 

But it is in the structure of the pel- 
vis and of tho hind limb ihat some of 
these ancient reptiles present the most 
remarkable appro ximatiou to birds, 
and olearly indicate tho way by which 
the most sjieeialized and characteristic 
feature:! of llie bi d may have been 
evolved from the corresponding parts 
in the reptilt'. 

In Fig. C, tho pelvis and hind limbs 
of aorooodile, a three-toed bird, and 



the ground. Hence, in the crocodile, 
the body usually lio8 squat between 
the legs, while, in the bii'J, it ta raised 
upon the bind legs, as upon pillars. 

In the crocodile, the pelvis is ob- 
viously composed of three bones on 
each side: the ilium {II.), the pubis 
(■fb.), and the ischium <Is,). In the 
adult bird the)-e appears to bo but one 
bone on each aide. The examination 
of the pelvis of a chick, however, 
Rhows that each half is made up of 
three bonce, whieh answer to those 
which remun distinct throughout life. 




Fig. G. BlED, OaSilSOECELlUAN. CaOCODILE, 

(The lettars havo clie same Bijrnification in all tlio flgueea. II. , Ilium ; a, naterior 
end; 6. posterior cud; Js., ischium; J'b., pubis; T, tibia; F, fibula; Al., 
astragulus; Ca., calcanoum ; 1 , distal portiou of the tarsuii ; i.,ii., iii.,i7., met- 
atarsal bonea.) 



ornithoscelidan are represented 

Bide by side ; and, for facility of com- 

' ion, in corresponding positions ; 

it must bo recollected that,, while 

I the position of the bird's Hmb is na- 

I tural, that of the crocodile is not so. 

r In the bird, tho thigh-bone lies close 

I to the body, and the metatarsal bones 

of tli6 foot (ii., ill., iv., Fig. 6) are, 

ordinarily, raised into a moi'e or less 

Tertioal position ; in the crocodile, tho 

I thigh-bone standt^ out at an angle 

I from the body, an'l the metatarsal 

I bones (i., ii., iii., iv.. Fig. C) lie flat on 



in the crocodile. Thtre is, therefora, 
a fundamental identity of plan in the 
construction of tho pelvis of both bird 
and reptile : though the differences in 
form, relative size, and dii-eotton ot 
the corresponding bones in the two 
cases are very great. 

But the most striking contrast be- 
tween the two lies in the bones of the 
leg and of that part of the foot termed 
the tareus, which follows upon the 
k'g. In the crocodile, the fibula {£) 
is relatively large and its lower endil 
complete. The tibia {2') hi 
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l&rked oreat at its upper end, and iu 

Wer end is narrow and not puUey- 

sh&ped. There are two rows of sep- 

RTste tarsal bauea {As., Ca., (£c.) and 

foar distinct metatarsal bones, willi a 

nidiment of aiifth. 

^ Id the bird, the fibiila is small and 

I lower end diriiiijishes to a point. 

Sie tibia has a strong urest at its n[i- 

^«r end and its lower estremity 

paBsesintoabroad pulley. Theveseem 

at first to be no tarsal bouesi and 

only one bone, divided at the end into 

^°Sree heads for the three toes which 

e attached to it, appears in the place 

k tlte metatarsus. 

Tin a young bird, however, the pul- 
ley shaped apparent end of the tibia 
is ft Uirtlinct bone, wluch represents 
the bones marked -■!«., Ca., in the 
1- erocodile ; while the apparently single 
(Oetatai'sal bone consists of three 
ioncs, which early unite with 

- and with an additional bone, 

ichioh represents tlie lower row 

^nea in the tarsus of the crocodile. 

_, ' in other words, it can be shown by 

tht study of developement that the 

bird's pelvis and bind limb are 

ply estreme modification a of the 

fundamental plan as that upon which 

these paits are modelled in reptiles. 

On eoraparing tho pelvis and hind 

limb of the ovnillioscelidan with that 

of the crocodile, on the one side, and 

I ^at of the bird, on the other (Fig 6), 

a obvious that it represents a mid 

e term between the two. The pel- 

a bones approach the form of those 

of the birds, and the direction of the 

pubis and iscbiimi ia nearly that 

which is characteriBiio of birds ; the 

li bone, from the direction of its 

. must have lain close to the 

I the Ubia has a great crest, and, 

ivably fitted on to its lower end, 

is a pulley-shaped bone, like that 

f tho bird, but remaining distinct. 

' lower end of the fibula is much 

) slender, proportionally, than in 

! crocod le. Tlie metatarsal bones 

B aneh a form that they fit together 

ivably, though they do not enter 

) bony union ; the third toe is, 

I in the bird, longest and etrong- 



. thigh I 



est. In fact, the oiiiithoBColidan limb 
ia comparable to that of anunhalched 
chick. 

Taking all these facts together, it 
is obvious that the view which was 
entertained by Klantell an<l the prab- 
ability of which was demonstrated 
by your own distingaiahed anatomist, 
Leidy, while much additional evi- 
dence in the same direction has been 
furnished by Pi-olossor Cope, that 
some of these animals may hava 
walked upon their hind legs, as birds 
do, acqidres great weight. In fact, 
there can be no reasonable doubt 
that one of the smaller forms of the 
Ornithoscelida, Comp30_^ialku«, the 
almost entire skeleton of whieh has 
been discovered in the Solenhofen 
slates, was a bipedal animal. The 
parts of this skeleton are somewhat 
twisted out of their natural relations, 
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but the accompanying figure givei a 
just view of the geueriil form of 
Compsoi/nathus and of the proportion 
of its limbs; which, in fotne respects, 
are more completely bird like than 
those of other Omithoscelidn. 

We have had to stretch the defini 
tion of the class of birds so as to in- 
clude birds with teeth and birds with 
paw-like forc-limbH and long tails. 
There is no evidence that Compsogn- 
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(tthua possessed feathers; but, if it 
did, it would be hard indeed to say 
whether it feliould bo called a reptiliau 
bird or au avian reptile. 

As Cornpsognathus walked upon his 
liind legs, it must have made tracks 
like those of birds. And as tlie struc- 
ture ot the limbs of several of the 
gigantic Ornithoscelida, such as 
Iguandoiiy leads to the conclusion that 
they also may have constantly, or oc- 
casionally, assumed the same attitude, 
a peculiar interest attaches to the. fact 
that, in the Wealden strata of Eng- 
land, there are tx) be found gigantic 
footsteps, arranged in order like those 
of the j5yon4>2oww, and which ihero 
can be no reasonable doubt were made 
by some of the OmWiosceUda^ the re- 
mains of which are found in the same 
rocks. And, knowing that reptiles 
that walked upon their hind legs and 
shared many of the anatomical cliar- 
acters of birds did once exist, it be- 
comes a very ip>portant question 
whether the tracks in the Trias of 
Massachusetts, to which I referred 
some time ago, and which formerly 
used to be unhesitatingly ascnbed to 
birds, may not all have been made by 
Ornithoscelidan reptiles; and wheth- 
er, if we could obtain the skeletons 
of the animals which made these 
tracks, we should -not find in them 
the actual steps of the evolutional 
process by which reptiles gave rise to 
birds. 

The evidential value of the facts I 
have brought forward in this Lecture 
must be neither over nor under esti- 
mated. It is not historical proof of the 
occurrence of the evolution of birds 
from reptiles, for we have no safe 
ground for assuming that true birds 
had not made their appearance at 
the commencement of the Mesozoic 
epoch. It is, in fact, quite possible 
that all these more or less avi-form 
reptiles of the Mesozoic epoch are not 
terms in the series of progression 
from birds to reptiles at all, but sim- 
ply the more or less modiiied descend- 
ants of Palaeozoic forms through 
which that transition was aotaally ef- 
fected. 



Wo are not in a position to say that 
the known Omlthoscelida are inter^ 
mediate in the order of their appear- 
ance on the earth between reptiles 
and birds. All that can bo said is 
that, if independent evidence of the 
actual occurrence of evolution is pro- 
ducible, then these intercalary forms 
remove every difficulty in the way of 
understanding what the actual steps 
of the process, in the case of birds, 
may have been. 

That intercalary forms snomd have 
existed in aucieut times is a neces- 
sary consequence of the truth of the 
hypothesis of evolution ; and, hence, 
the evidence I have laid before you 
in proof of the existence of such 
forms, is, so far as it goes, in favor of 
that hypothesis. 

'i'liero is another series of extinct 
reptiles, which may be said to be in- 
tercalary between reptiles and birds, 
in so far as they combine some of tho 
characters of both these groups ; and, 
which, as they possessed the power 
of flight, may seem, at lirst sight, to 
bo nearer representatives of the forms 
by which the transition from the rep- 
tile to the bird was efl^ected, than the 
i)mitho8celida. 

These are the Pterosauria^ or Ptero- 
dactyles, the remains of which are 
met with throughout the series of 
Mesozoic rocks, from the lias to the 
chalk, and some of which attained a 
great size, their wings having a span 
of eighteen or twenty feet. These 
animals, in the form and propoitions 
of the head and neck relatively to 
the body, and in the fact that tho 
ends of the jaws were often, if not 
always, more or less extensively en- 
sheathed in horny beaks, remind us 
of birds. Moreover, their bones con- 
tained air cavities, rendering them 
specifically lighter, as is the case in 
most birds. The breastbone was 
large and keeled, as in mo.^t birds and 
in bats, and tho shoulder girdle is 
stiikingly similar to that of ordinary 
birds. But, it seems to roe, that the 
special resemblance of pterodactyles 
to birds ends here, unless I may add 
the entire abeeuce of teeth whiidi 
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oharsctcrizeK th^ great pterodactyli 
{J'teriiHodon) diwoveitdbyProfesaor 
Mxi-sh. All uLlier known pterodau- 
tvlec liiivo luPih l(ii%eJ in aookets. In 
Ihe vurtcbriil caluniu and the liind 
limbs tlieie »re no special reaem- 
blances to birds, und \,ha:\ we turn 
to the wings lliey are found to be 
i^iiMstrnned on a totally different 
pvincipk from those of birds. 

TherB are four iiiigcra. These four 
re large, and three of them, 



portinij a with whioh exmnded be- 
ween it and the budy. An exiF^ling 
.i]}eciinen proves that, such was really 
the case, and that the pl^roductyles 
were devoid of feathers, but that the 
fingers enppnrted a vast web like that 
of a bat's wing; in ftct, there can bo 
no diiibt that this anuicnt reptile flev 
after the fashion of fl bat. 

Thus though the pterodactyls ia a 
reptile whioh has bi'come modified In 
6uuh a mauuer as In enable it to fly, 
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tiiCMe which answer to the thumb and 
aud two following tingera of iny 
hand — £io terminated by claws, 
#hile the fourth is enormously pro 
longed afid converted into a great 
joint style. You see at once, from 
what I have stated about a l>ird'a 
wing, that there could be nothing 
lesa like a bird'a wing than this ia. 
Kt was concluded by general rea§oiiing 
this finger had the olhce of sup- 



and therefore, as might be expected 
presents some points of resemblanoB 
to other animals which flyj it has, 
HO to speak, gone off the line which 
leads directly from reptiles to birds, 
and has become disqualified for the 
changes which lead to the characteris- 
tic organization of the latter class. 
Thei-efore, viewed in relation to the 
classes of reptdea aud birds, the ptero- 
daetylea appear to me to be, iu • 



i 
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limited sense, intercalnry formB ; but 
tliey are not even (ipproxiraalely 
liiiuar, iu the sense of exemplifyiug 
these modi ti call oils of Btruclure 
lliroiich which ihe puss a E;e from the 
reptiitt to the bird toukplticu 
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LECTtTRE IIL 

The DemotMtratine Eoidence of Evo- 
lution. 

Tns occurrence of historical facts 
is said to be demonstrated, when the 
evidence that they happened is of 
such a character as to render the aa- 
Biiniption that they did not happen iu 
the highest degree improbable ; and 
the question I now have to deal with 
is, whether evidence io favor of tiie 
evolution of animals of this degree of 
<50gency is, oris not, obtainable from 
the record of the succession of living 
forms whicli is presented to us by 
fossil remsins. 

Those who have attended to the 
progress of paleontology are aware 
that evidence of the character which 
I have defined has been produced in 
considerable and continually-iiicreas- 
ing quantity during the last few years. 
Indci>d. the amoant ^nd the satisfac- 
tory nature of that evidence are some- 
what surjiriaing, when we consider 
the conditions under which alone we 
can hope to obtain it. 

it is obviously useless to seek for 
tfaoh evidence, except in localities in 
which the phyMcal conditious have 
been such as to permit of ihe deposit 
of an unbroken, or but rarely mter- 
rupteil, series of strata through a long 
period of time ; in whioh the group of 
animals to be investigated has existed 
ID ench abundance as lo furnish the 



denote not merely the rtomestio (tni- 
mals with which we are all so well 
acquainted, but their allies, the ass. 
zebra, quagga, and the like. In short, 
I use " liorMes " as the equivalent ol 
the technical name Mquidm, which is 
applied to the whole group of existing 
equine animals. 

The horse is in many ways a re- 
markable animal; not least bo in the 
fact that it pi-csents us with an ex- 
ample of one of the most perfect 
pieces of machineiy in the living 
world. In truth, among the works of 
human ingenuity it cannot be said 
that there is any locomotive so per- 
fectly adapted to its puiposes, doing 
so much work with so small a ({uan- 
tityof fuel, as this machiue of nature's 
manufacture — the horse. And, as a 
necessary consequence of any sort of 
perfection, of mechanical perfection 
as of others, yon find that the horse is 
a beautiful creature, one of the most 
beautiful of all land-animals. Look 
at the perfect balance of his form, and 
the rbytlim and force of its action. 
The locomotive machinery is, as yoa 
are aware, resident in its slender fore 
and hind limbs; they are tiexibte and 
elastic levers, capable of being moved 
by very powerful muscles; and, in 
order to supply the engines which 
work these levers with the force which 
they expend, the horse is provided 
witn a very perfect apparatus for 
grinding its food and extracting 
therefrom the requisite fuel. 

Without attempting to take you 
very far into the region of osteolog- 
ical detail,! must nevertheless trouble 
you with some statements respecting 
the anatomical stmctore of the horse; 
and, more especially, will it Iw need- 
obtiun a general conception of 



requisite supply of remains; and in I the structure cf its fore and hind 
which, finally, the materialscomposing limbs, and of its teeth. But I shall 
tlie strata are ■inch as to ensure the only touch upon those )>oiQts which 
Itreaervation of thcsereraains in a tol-'are absolutely essential lo our in- 
erably perfect and undisturbed stale. [ quiry. 

It so happens that the case which, I Let us turn iu the first place to the 
at present, most nearly fulfils all these j fore-limb. In most quadru|>eds, 3» in 
eonditious is that of the series of ex- 1 ourselves, the fore arm contains dia- 
tinci animals whicii culminates in the tinct bones called the radius and the 
Uorses i by wh-ch term I mean to ulna. The corresponding region i> 
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^0 horse seem at first to possess but 

e bone. Careful observation, liow- 
ever, enables us to distinguish ia this 
bone a part wliich clearly answers to 
the upper eiiii of the ulna. This is 
closely uiiiled with the cliief mass of 
the bone wliich represeuta the radius, 
and runs oat into a eleuder shaft which 
may bo traced for nome distance 
downwards upon the back of the ra- 
dius and then in most cases thins out 
and vanishes. It titkcs still more 
trouble to make sure of what 13 rever- 
Ihelcsa the fact, thai a Email part of 
the lower end of the bone of n horse's 
fore-arm, which is only dis'iuct in 
very young foal, is really tlie lower 
eitremity of the ulna. 

What is commonly called the knee 
of a lioi-BC is its wrist. The "cannon 
bone" answers to the middle bone of 
the five nietacar|jal bones, which sup- 
portthe palm of the hand in ourselves. 
The "paatem.'" "coronary," and "cof- 
\a" bones of veterinarians answer to 

B joints of our middle fins^ers, while 
_B hoof is simply a preatly enlarged 
bid thiulcened nail. But if wballics 
leloir the horse's "knee" thus corre- 
ilponds to the middle fiujjer in our- 
Belves, what has become of the four 
Other fingers or digits^ We find in 
"fte placcfl of the second and fourth 
pgits only two slender splict-like 
(ones, about two-thirds as long as the 
1 bone, which gradually taper 
b their lower ends and bear no finger 
Btiits, or, as they ai-e termed, pha- 
fBgffi! Ijometinief, small bony or 
nistly nodules are to be found at the 
bases of these two metacarpal splints, 
and it 'a probable that these represent 
rudiments of the first and fifth toes. 
Thus, the partof the horse's skeleton 
whiuh corresponds with that of tlie 
human hand, contains one overgrown 
middle digit, and at least two imper- 
fect lateral digits; and these answer, 
reBiwcUvely, to the third, the second, 
and the fourth lingera in man. 

CoiTosponding moditieationa arc 
found iu the hind iimb. In ourselves, 
and in most ijuadrupeda, the leg con- 
tains two distinct bones, a large bone, 
the tibia, and a smaller and more 



slender bone, the fibula. But, in the 
horse, the fibula seems, at first, to bo 
reduced to its upper end; a short 
slender bone united with the tibia, 
and ending in a point below, occupy- 
ing its place. Examination of the 
lower end of » young foal's shin- 
bone, however, shows a distinct por- 
tion of osseous matter which is tht 
lower end of the fibula; so th.it the, 
apparently single, lower end of the 
shin-bone ia i-eally made up of the 
coalesccil ends of the tibia and fibula, 
just as the, apparently singie, lower 
end of the fore-ana bone ia composed 
of the coalesced radius aud ulna. 

The heel of the horse is the part 
commonly known as the hock The 
hinder cannon bone answers to the 
middle metatarsal bone of the human 
foot, the pastern, coronary, and coffin 
bones, to the middle toe bonas; the 
bind hoof lo the nail ; as in the fore- 
foot. And, as in the fore-foot, there 
ai-e merely two splints to represent 
the second and the fourth toea. 
Sometimes a nidiment of a fifth toe 
appears to bo traceable. 

The teeth of a horse are not less 
peculiar than ila Ihnbs. The linng 
engine, like all others, must be well 
stoked if it is to do its work ; andthe 
horse, if it is to 'make good its wear 
and tear, and to exert the enormous 
amount of force required for its pro- 
lulsion, must be well and vapidly fed. 
'0 this end, good cutting instruments 
and powerful and lasting crushers arc 
needful. Accordingly, the twelve 
cutting teeth of a hoi-se are close-set 
and concentrated in the fore part of 
its mouth, like so many adzes or 
chisels. The grinders or molars are 
large, and have an extremely com- 
plicated structure, being composed of 
a number of different substances of 
unequal hardness. The consequence 
of this is that they wear away at dif- 
ferent rates ; and, hence, the surface 
of each grindler is always as uneven 
as that of a good millstone. 

I have said that the stmoture of 
the grinding teeth is very complicated, 
the harder and the softer parts being, 
as it were, interlaced with one another. 
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The result of this is that, as the tooth 
wears, the crown presents a peculiar 
pattern, the nature of which is not 
very easily deciphered at first, but 
which it is important that we should 
iindei-stand clearly. Each grinding 
tooth of the upper jaw has an outer 
wall so shaped that^ on the worn 
arown, it exhibits the form of two 
crescents, one in front and one behind, 
with their concave sides turned out- 
wards. From the inner sides of the 
front crescent, a crescentic front 
ridge passes inwards and backwards, 
and its inner face enlarges into a 
strong longitudinal fold or pillar. 
From the front part of the hinder 
orescent, a back ridge takes a like 
dii-ection, and also has its pillar. 

The deep interspaces or valleys be- 
tween the^e ridsfes and the outer wall 
are tilled by bony substance, which is 
called eemetU^ and coats the whole 
tooth. 

The pattern of the worn face of 
each grinding tooth of the lower jaw 
is quite different. It appears to be 
formed of two crescent- shaped ridges, 
the convexities of which are turned 
outwards. The free extremity of 
each cres«ont has a pillar^ and there 
is a large dowhie pillar where the two 
crescents meet. The whole structure, 
is, as it were, imbedded in cement, 
which fills up the valleys, as in the up- 
per grinders. 

If the grinding faces of an upper 
and of a lower molar of the same side 
are applied together, it will be seen 
that the apposed ridges are nowhere 
parallel, but that they frequently 
cross ; and that thus, in the act of 
mastication, a hard surface in the one 
is constantly applied to a soft surface 
in the other, and vice rers€L They 
tkcs constitute a grinding apparatus 
of [Treat efficiency, and one wiach is 
repaired as fast as it wears, owing to 
the long ooutiuued growth of the 
teeth. 

Some other peculiarities of the den- 
lalion of the horse must be noticed, as 
they bear upon what I shall have to 
•ay by and by. Thus the crowns of 
IM cutting teelh have % peculiar deep 



pit, which gives rise to the weB« 
known "mark" of the ihorse. There 
is a large space between the outer in- 
cisora and the front grind^ir. In this 
space the adult male \'iorse presents, 
near the incisors one on each side,above 
and below, a canine or **tush,'* which 
is commonly absent in mares. In a 
young horse, moreover, there is not 
unfrequently to be seen, in front of 
the first grinder, a very small tooth, 
which soon falls out. If this small 
tooth be counted as one, it will be 
f >und that there are seven teeth be- 
hind the canine on each side; namely, 
the small tooth in question, and the 
six great grinders, among which, by 
an unusual peculiaiity, the foremost 
tooth is rather larger than those which 
follow it. 

I have now enumerated those char- 
acteristic structures of the horse, 
which are of most importance for the 
purpose we have in view. 

To any one who is acquainted with 
the morphology of vertebrated ani- 
mals, they show; that the horse devi- 
ates widely from the general structure 
of mammals ; and that the horse type 
is, in many respects, an extreme modi- 
fication of the general mammalian 
plan. The least modified mammals, 
in fact, have the radius and ulna, the 
tibia and tibula, distinct and separate. 
They have live distinct and complete 
digits on each foot, and no one of 
these digits is very much larger than 
the rest Moreover, in the least modi- 
tied mammals, the total number of the 
teeth is very generally forty-four, 
while in horses, the usual number is 
fortv, and in the absence of the ca^ 
nines, it may be reduced to thirty- 
six ; the incisor teeth are devoid of the 
fold seen in those of the horse ; the 
grinders regulariy diminish in size 
from the middle of the series to its 
front end; while their crowns are 
short, early attain their full length, 
and exhibit simple ridges or tubncle^ 
in place of the ccHnplex foldings of 
the horse's grinders. 

Hence the general principles of the 
h3rpothesis of evolution lead to the 
oonduaioa that the hone must have 
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. 1 derived from some giiadniped 
icli puBBi^Stiil tive cumpletti digitH 
U foot ; which had the bonts of 
n ami oi the leg conipltiti] 
I Bepurutu ; and whiuh posseaeed 
^-foHi- tL'eth, among which the 
(it the inuiaoi's and gi'indera 
a BiRiplu struiiturti ; while the Int- 
kraditally increased in eizq from 
' c backward-!, at any rate in the 
ior •.•Ml of the eeries, and had 
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id, and tiic remains of the differ 
btngt.'S of ita evolution Lave been 
ed, they ought to present ua 
h n suvkn uf forms iti which the 
febi'i'of Itio digits beconies reduced; 
■ bones of tlie fcre-arm sod leg 
Tdually take on the equine con- 
31} 1 and the form aud arrange- 
It of the teeth succesBively appros- 
■« to those which obtain in existing 

iia turn to the facts, and see 
far they fulhl these rp(|iiii'ementfi 

i doctrine of c-.-olution. 

K II rope abnudant remain !< of 
ireea are found in the Quaternary 
and later Tertiary strata as far as the 
Plloeeiio formation. But these horses, 
which are so common in the cave- 
deposits and in the gravels of Eu- 
rope, are in all essentiul respects like 
existing Jioi'ses. And that is true of 
ftlt the horses of the latter part of the 
Pliocene epoch. But, in deposits 
whioh belong to the earlier Pli- 
ocene and lattT Miocene epochs, and 
which occur in BHtain, in France, 
in Germany, in Greece, in India, we 
find-animals which are extremely like 
horses — which, in fact, are so similar 
lo horses, that yon may follow de- 
scriptions given in worica npon the 
iiiiulomy of the hoi-so npon the skele- 
tons nt those animals — but which 
dijTijr ill some important particulars. 
Kor esaraijle, the structure of their 
foru and hind limbs is somewhat 
different. The bonea which, in the 
horse, aiv represented by two splints, 
unpcrfeut below, are as long as the 
" letacurpal and metatarsal bones; 

attached lo the extremity of 
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tricii, is a digit with three joints of 
the same general character ns Lliose 
of the middle digit, only very much 
smaller. These small digits are so 
disposed that they could have had 
but very little functional importance, 
and they must have been rathur of 
the nature of the dew-claws, sucli as 
are to be found in many ruminant 
animals, The Il'ipparion, as the ex- 
tinct Kuropean three- toed horse is 
called, in fact, presents a ioat simi!))-' 
to that of the Ameiicim J'rotokippiu 
(Fig. 9), except that, in the Ilippa- 
rion, the smaller digits are situated 
farther back, and are of smaller pro- 
portional size, than in the -Proto- 
hippiis. 

The ulna is slightly more distinct 
than iu the horse ; and the whole 
length of it, as a very slender shaft, 
intimately united with the radius, is 
completely traceable. The fibula ap- 
peal's to be iu the same condition aa 
in the horac. The teeth of tha Hip- 
parion arc essentially similar to those 
of the horse, but the pattern of the 
grinders is in some respects a little 
Dmplex, and there is a depres- 
tlie face of the skull in front 
of the orbit, which is not seen iu ex- 
isting horses. 

In the earlier Aliocene, and perhaps 
the later Eocene deposits of some 
paits of Europe, another extinct 
animal has been discovered, wiiich 
Olivier, who first described some 
fiagments of it, considered to be a 
J'alcBOtherium. But aa further dis- 
coveries threw no light upon its struo- 
lure, it \?a.a recognized as a distinct 
genus, under the name of Aimhi- 
theriurn. 

In its general characters, the akele- 

n of Atichitherium ia very similar 

that of the horse. In fact, Lartet 

and De Blainville called it I'Icb- 

ot/ierium equinum or hif^oidea; and 

lie Christol, in 1847, said that it 

differed from Ifij>parioi% in httle 

ore than the characters of ita teeth, 

d gave it the name of Mipparith«- 

riitm. Each foot possesses three 

complete toes ; while the lateral toes 

much larger in proportion lo the 
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middle too than in HippaHon, and 
doubtless rested on the ground in or- 
dinary- locomotion. 

The ulna is complete and quite dis- 
tinct from the radius, though firmly- 
united with the latter. The fibula 
seems also to have been complete. 
Its lower end, though intimately- 
united with that of the tibia, is 
clearly marked off from the latter 
bone. 

There are forty-four teeth. The 
incisors have no strong pit. The 
canines seem to have been well de- 
veloped in both sexes. The first of 
the seven grindei*s, which, as I have 
said, is frequently absent, and, when 
it does exist, is small in the horse, is 
a good sized and permanent tooth, 
while the grinder which follows it is 
but little larger than the hinder ones. 
The crowns of the grinders are sliort, 
and though the fundamental pattern 
of the horse-tooth is discernible, the 
front and back ridges are less curved, 
the accessory pillars are wanting, and 
the valleys, much shallower, are not 
filled up with cement. 

Seven years ago, when I happened 
to bo looking critically into the bear- 
ing of palseontological facts upon the 
doctrine of evolution, it appeared to 
me that the Anchitherium, the Ilip- 
pario7i, and the modern horses, con- 
stitute a series in which the modifica- 
tions of structure coincide with the 
order of chronological occurrence, in 
the manner in which they must coin- 
cide, if the modern horses really are 
the result of the gradual metamor- 
phosis, in the course of the Tertiary 
epoch, of a less specialized ancestral 
form. And I found by correspond- 
ence with the late eminent French 
anatomist and palaeontologist, M. 
Lartet, that he had arrived at the 
same conclusion from the same data. 

That the Anchitherium type had 
become metamorphosed into the 
Hipparion type, and the latter into 
the JSquine type, in the course of that 
period of time which is represented 
by the latter half of the Tertiary de- 
posits, seemed to me to be the only 
explanation of the facts for which 



there was even a shadow of probabiL 
ity.* 

And, hence, I have ever since held 
that these facts afford evidence of 
the occurrence of evolution, which, in 
the sense already defined, may be 
termed demonstrative. 

All who have occupied themselves 
with the structure of Anchitherium^ 
from Cuvier onwards, have acknow- 
ledged its many points of likeness to 
a well-known genus of extinct Eocene 
mammals, I^cdoeotherium, Indeed, 
as we have seen, Cuvier regarded his 
remains of Anchitheriwn as those of 
a species of JPakeotherium, Hence, 
in attempting to trace the pedigree of 
the horse * beyond the Miocene epoch 
and the Anchitheroid form, I natur- 
ally sought among the various species 
of PalaBotheroid animals for its near- 
est ally, and I was led to conclude that 
the Pal(jeotheriu7ix minus {Jt^laaio" 
lophus) represented the next sten 
more nearly than any form tnen 
known. 

I think that this opinion was fully 
justifiable ; but the progress of inves- 
tigation has thrown an unexpected 
light on the question, and has brought 
us much nearer than could have been 
anticipated to a knowledge of the 
true series of the progenitors of the 
horse. 

You are all aware that when your 
country was first discovered by Euro- 
peans, there were no traces of the 
existence of the horse in any part of 
the American Continent. The ac- 
counts of the c(5n quest of Mexico 
dwell upon the astonishment of the 
natives of that country when they 
first became acquainted with that 
astounding phenomenon — a man 



* I use the word " typR " because it is 
highly probable that many forms ot An- 
chitherium-\ikG and BipparionAike ani- 
mals existed in the Pliocene aud Pliocene 
epochs, just as many species (*f the horse 
tribe exist now; and it is highly improb- 
able that the particular species of Anchi- 
therium or Hipparion^ vhich Imppeu to 
have been discovered, should be preciselj 
ihose which have formed part of the direc^ 
line of the horse's pedigree. / 



LECTURES ON EVOLUTION. 



[638i 38 



seated upon a horse. Nevertheless, 
the investigations of American geol- 
ogists have proved that the remains 
of horses occur in the most supei'ficial 
deposits of both North and South 
America, just as they do in Europe. 
Therefore, for some reason or other 
no feasible suggestion on that subject 
BO far as I know has been made — the 
horse must have died out in this con- 
tinent at some period preceding the 
discovery of America. Of hxte years 
there has been discovered in your 
Western Territories that marvellous 
accumulation of deposits, admirably 
adapted for the preservation of or- 
ganic remains, to which I referred 
the other eveninir, and which fur- 
nishes us with a consecutive series of 
records of the fauna of the older half 
of the Tertiary epoch, for which we 
have no parallel in Europe. They 
have yielded fossils in an excellent 
state of conservation and in unex- 
Jimpled number and vanety. The 
researches of Leidy find others have 
shown that forms allied to the Ilip- 
parion and the Anchltheriuni are to 
be found among those remains. But 
it is only recently that the admirably 
conceived and most thoroughly and 
patiently worked-out invest'gations 
of Professor Marsh have given us a 
just idea of the vast fossil wealth, and 
of the scientitic importance of these 
deposits. I have had the advantage 
of glancing over the collections in 
Yale Museum, and I can truly say 
that, so far as my knowledge extends, 
there is no collection from any one 
region and series of strata comparable 
for extent, or for the care with which 
the remains have been got together, 
or for their scientific importance, to 
the series of fossils which he has de- 
posited there. This vast collection 
has yielded evidence bearing upon 
the question of the pedigree of the 
horse of the most striking character. 
It tends to show that we must look 
to America, rather than to Europe, 
for the original seat of the equine 
series; and that the archaic forms 
and successive modifications of the 
iiorse's ancestry are far better pre- 
ekrved here than in Europe. 



Professor Marsh's kindness has 
enabled me to put before you a dia- 
gram, every figure in which is an 
actual representation of some speci- 
men which i:} to be seen at Yale at 
this present time (Eig. 9). 

The succession of forms which he 
has brought together carries us from 
the top to the bottom of the Tertia^ 
ries. Firstly, there is the true horse. 
Nest we have the American Pliocene 
form of the horse {IHiohippus) ; in 
the conformation of its limbs it pre- 
vents some very slight deviations 
from the ordinary horse, and the 
crowns of the grinding teeth are 
shorter. Then comes the Protohippus, 
which represents the European i/ip- 
pa7'io7i, having one large digit and 
two small ones on each foot, and the 
general characters of the fore-arm 
and leg to which I have referred. 
But it is more valuable than the Euro- 
pean Hipparioii for the reason that it 
is devoid of sone of the peculiarities 
of that form — peculiarities which tend 
to show that \he European Ilippa- 
rioyi is rather a member of a col- 
lateral branch than a form in the 
direct line of succession. Next, in 
the backward order in time, is the 
Miohippus, which corresponds pretty 
nearly with the Anchitherium of 
Europe. It presents three complete 
toes — one large median and two 
smaller lateral ones ; and there is a 
rudiment of that digit, which answers 
to the little finger of the human hand. 

The European record of the pedi- 
gree of the horse stops here ; in the 
American Tertiaries, on the contrary, 
the series of ancestral equine forms is 
continued into the Eocene formations. 
An older Miocene form, termed Me- 
so/iippus, has three toes in front, with 
a large splint-like rudiment repre- 
senting the little finger ; and trirec 
toes behind. The radius and ulna, 
the tibia and the fibula, are distinct, 
and the short-crowned molar teeth 
are anchitheroid in pattern. 

But the most important discovery 
of all is the Orohippus, which comes 
from the Eocene formation, and is the 
oldest member of the equine s^es, iis 
yet known. Here we find four torn- 
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plete toes on the front-limb, three toes 
on the hind-limb, a well-developed 
olna, a well-developed fibula, and shorts 
orowned grinders of simple pattern. 



BECENT. 



have been predicted from a knowl- 
edge of the principlee of evolution. 
And the knowledge we now possess 
justifies us completely in iho anticl- 



OROHIPPHB. 




Thus, tlianks to thesio important 
researches, it has become evident that, 
JO far as our present knowledge ex- 
tends, the history of the horse-type is 
exaotly and precisely that which could 



pation, that when the still lower 
Eocene deposits, and those which be- 
long to the Cretaceous epoch, have 
yielded up their remains of ancestral^ 
equine animals, we shall find, first, fp 
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term wilh four oompietu loea niid a 

miilinteiit of the iiinoi'itiust or tii-st 

Migit in front, with, probnbly, a riidi- 

wnt of thi' fifth digit in the hind 

;" wliilu, in still older forms, tho 

8 of the digits will bo more 

ore complete, until we come to Ihc 

e loeii animals, in wliieh, if tlie 

Poctnne of pvnltition m well founded, 

s must have tiiken its 



That is whnt I mean by deiuon- 
Btrativc tviilence of evolution. An 
inductive hypothesis k eaid to be de- 
moNStratcd when the faota are sliotvn 
_to bo in t'titiri) accoi-dance with it. If 
lulilio proof, there are 
■iomerelyiiiduotiveuoricluMons which 
npo be EJiid In he jiro veil. And the doc- 
jive of evuliition, at the jiresent time, 
I ujion exactly as secure a foun- 
lation aa the Copernican iheoiy of 
Ae inotionH of the heavenly hoiiies 
^id ai the lirao of its promulgation. 
IlA logical basis is precisely of the 
eamc oharacter— tiie coincidence of 
the fihserveii facts with theoretical 
eqiiiri-mMilfl. 

llie only way of escape, if it be a 
way of escape, from the conclusions 
which I have just indicated, is the 
^ipposition that all these different 
|(|Utue forms have been created sepa- 
elyataeparatuepochsoftime; and, 
^llepcat, that of such an hypothesis as 
TSs there neither is, nor can be, any 
.UntlHa evidence ; and, asxiiredly, so 
bras I know, there is none which is 
Bnpported, or pretends to be supported, 
by evidence or authority of any other 
kiiiil, I can but think that the time 
_ will come when such suggestions as 
jheee. such obvious attempts to eseape 
! foree of detiionst ration, will be 
t n[)on the name footing aa the sup- 
position made by some writers, who 
nre, I believe, not completely extinct 
at proseT't, that fossils ai-e mere simu- 



* Sinct this lecture was dulivercd, Pro- 
fessor Mflrab hoa dlBcovered a new genua 
ot equine mamtaala {Eohi])pii»} fcom the 
\ lowest Eoeeno deposits (il the West, 
' Whicll corrreponds ver? nciirlv Ic this 
<lea(Tiptioo. — Aitteriftn Jirurnal of Sei-t 
ifiee, November, 1870, ' 



1 uo indications of thi'former 
of the animals to which they 
seem to belung ; but that they are 
either sports ol Natui-e, or special 
creations, intended— as I heard Kug- 
gested the other diiy — to test our 
faith. 

In f act,the whole evidence is in favor 
of evolution, and there is none against 
it. And I eay tliis, aithoiigli per- 
fectly well aware of the seeming diffi- 
culties which have been built up upon 
what appears to the uninformed to bs 
a solid foundation. I meet constantly 
with the argument that the doctrine 
of evolution cannot be well founded, 
because it requires the lapse of a very 
vast period of time ; while the dura- 
tion of life upon the earth, thus im- 
plied, is inconsietent with the conclu- 
sions aiTived at by the astronomer and 
the physicist. I may venture to say 
that I am familiar with those couclu- . 
ons, inasmuch as Bome years ago, 
hen President of the Geological Si- 
ciety of London, I took the liberty ol" 
criticising tlieni, and of shou-ing in 
what respects, as it appeared to me, 
tiiey lauked complete and thorough 
1. But, patting that 
point aside, suppose that, as the 
astronomers, or some of them, and 
physical philosophers, tell us it 
(OBsible that life could have en- 
dui'ed upon the earth for as long a 
period as is required by the doctrine 
of evolution — supposing that to b« 
proved^I desire to be infornieil what 
ia the foundation for the statcmeot 
that evolution does require so great a 
timeT The biologist knows uotHug 
whatever of the amount of time which 
may be required for the process of 
evoiation. It is a matter of fact that 
the equine forms, which I have de- 
scribed to you, occur in tiie order 
stated in theTcrtiary formations. But 
I have not the slightest means of 
guessing whether it took a million of 
years, or ten millions, or a, hundred 
millions, or a thousand millions of 
years, to give rise to that aeries of 
changes. A biologist has no mean>t 
of arriving at any conclusion as 
to the amount of lime which 
may be needed for a certain 
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J|uantity of organic change. He takes 
lis time from the geologist. The 
geologist, considering the rate at 
which deposits are formed and the 
rate at which denudation goes on 
upon the surface of the earth, arrives 
at more or less justifiable conclusions 
as to the time which is required for 
the deposit of a certain thickness of 
rocks; and if he tells me that the 
Tertiary formations required 500,- 
000,000 years for their deposit, I sup- 
pose he has good ground for what he 
says, and I take that as a mess r j of 
the duration of the evolution of the 
horse from the Orohippus up to its 
present condition. And, if he is 
right, undoubtedly evolution is a 
very slow process, and requires a 
great deal of time. But suppose, 
now, that an astronomer or a physi- 
cist — for instance, my friend Sir Wil- 
liam Thomson — tells me that my geo- 
logical authoiity is quite wrong ; and 
that he has weighty evidence to show 
that life could not possibly have ex- 
isted upon the surface of the earth 
600,000^000 years ago, because the 
earth would have then been too hot 
to allow of life, my reply is : " That 
is not my affair ; settle that with the 
geologist, and when you have come 
to an aorreement among yourselves I 
will adopt your conclusion." We 
take our time from the geologists 
and physicists ; and it is monstrous 
that, having taken our time from the 
physical philosopher's clock, the phys- 
ical philosopher should turn round 
upon us, and say we are too fast or 
too slow. What we desire to know 
is, is it a fact that evolution took 
place? As to the amount of time 
which evolution may have occupied, 
we are in the hands of the physicists 
and astronomers, whose business it is 
to deal with those questions. 

I have now, ladies and gentlemen, 
arrived at the conclusion of the task 
which I set before myself when I 
undertook to deliver these lectures. 
My purpose has been, not to enable 
those among you who have paid no 
attention to these subjects before, to 
leave this room in a condition to de- 



cide upon the validity or the !» 
validity of the hypothesis of evolu- 
tion ; but I have desired to put be- 
fore you the principles upon which 
all hypotheses respecting the history 
of Nature must be judged ; and fur- 
thermore, to make apparent the na- 
ture of the evidence and the amount 
of cogency which is to be expected 
and maybe obtained from it. To this 
end, I have not hesitated to regard 
you as genuine students and persons 
desirous of knowing the truth. I 
have not shrunk from taking you 
through long discussions, that I fear 
may have sometimes tried your pa- 
tience ; and I have inflicted upon you 
details which were indispensible, but 
which may well have been weari- 
some. But I shall rejoice — I shall 
consider that I have done you the 
greatest service which it was in my 
power to do — if I have thus con- 
vinced you that the great question 
which we have been discussing is not 
one to be dealt with by rhetorical 
flourishes, or by loose and superficial 
talk; but that it requires the keen 
attention of the trained intellect and 
the patience of the accurate observer. 

When I commenced this series of 
lectures, I did not think it necessary 
to preface them with a prologuCj^ such 
as might be expected from a stranger 
and a foreigner; for during ray brief 
stay in your country, I have found it 
very hard to believe that a stranger 
could be possessed of so many friends, 
and almost harder that a foreigner 
could express himself in your language 
in such a way as to be, to all appear- 
ances, so readily intelligible. So far 
as I can judge, that most intelligent, 
and, perhaps, I may add, most singu- 
larly active and enterprising body, 
your press reporters, do not seem to 
have been deterred by my accent 
from giving the fullest account of 
everything that I happen to have 
said. 

But the vessel in which I take my 
departure is even now ready to slip her 
moorings; I awake from my delusion 
that I am other than a stranger and a/ 
foreigner. I am ready to go back 
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ray place and country; but, before do- 
ir\g po, let me, by way of epilogue, 
tender to you my most hearty thanks 
for the kind and cordial reception 
which you have accorded to me; and 
let me thank you still more for that 
w^bich is the greatest compliment 



which can be afforded to any pergOD 
in my position — the continuous and 
undisturbed attention which you luive 
bestowed upon the lon<:^ argument 
which I have had the honor to lay b« 
fore you. 



ON THE STUDY OF BIOLOGY. 



ji Lecture delivered on the occasion of an Exposition of Scientific A^ara- 
tusy in the South Kensington Museum, London, in i8j6* 



It is my duty to-night to speak 
about the study of Biology, and 
while it may be that there are many 
of my audience who are quite famil- 
iar with that study; yet as a lecturer 
of some standing, it would, I know 
by experience, be very bad policy on 
my part to suppose such to be exten- 
sively the case. On the contrary, I 
must imagine that there are many of 
you who would like to know what 
Biology is ; that there are others who 
have that amount of information, 
but would nevertheless gladly hear 
whv it should be worth their while to 
study Biology ; and yet others, 
again, to whom these two points are 
clear, but who desire to learn how 
they bad best study it, and, finally, 
when they had best study it. 

I shall, therefore, ad^-ess myself 
to the endeavor to give you some an- 
swer to these four questions — what 
Biology is ; why it should be studied ; 
how it should be studied ; and when 
it should be studied. 

In the first place, in respect to 
what Biology is, there are, I believe, 
some persons who imagine that the 
term "Biology" is simply a new- 
fangled denomination, a neologism in 
•hort, for what used to be known 



under the title of " Natural History \^ 
but I shall try to show you, on the 
contrary, that the word is the expres- 
sion of the giowth of science during 
the last 200 years, and came into ex- 
istence half a century ago. 

At the revival of learning, knowl- 
edge was divided into two kinds — 
the knowledge of nature and the 
knowledge of man; for it was the 
current idea then (and a great deal of 
that ancient conception still remains) 
that there was a sort of essential 
antithesis, not to say antagonism, 
between nature and man; and that 
the two had not very much to do 
with one another, except that the one 
was oftiraes exceedingly troublesome 
to the other. Though it is one of the 
salient merits of our great philoso- 
phers of the seventeenth century, 
that they recognized but one scien- 
tific method, applicable alike to man 
and to nature, we fiiui this notion of 
the existence of a broad distinction 
between nature and man in the 
writings botF of Bacon and of Hobbes 
of Malmesbury; and I have brought 
with me that famous work \ihich 
is now so little known, greatly as it 
deserves to be studied, ''The Levia- 
than," in order that I may pat to 
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?''ou in the wonderfully terec and clear 
anguage of Thomas Hobbee, what 
was his view of the matter. He 
sajB : — 

*'The register of knowledge of fact 
is called history. Whereof there be 
two sorts, one called natural history ; 
which is the liistory of such facts or 
effects of nature as have no depend- 
ence on man's will; such as are 'the 
histories of metals, plants, animals, 
regions, and the like. The other is 
civil history; which is the history of 
the voluntary actions of men in com- 
monwealths." 

So that all history of fact was divid- 
ed into these two great groups of nat- 
ural and of civil history. The Royal 
Society was in course of foundation 
about the time that Hobbes was writ- 
ing this book, which was published 
in 1651; and that Society was termed 
a ''Society for the Improvment of 
Natural Knowledge," which was then 
nearly the same thing as a "Society 
for the Improvement of Natural His- 
tory." As time went on, and the va- 
rious branches of human knowledge 
became more distinctly developed and 
separated from one another, it was 
found that some were much more sus- 
ceptible of precise mathematical 
treatment than others. The publica- 
tion of the "Principia" of Newton, 
which probably gave a greater stimu- 
lus to physical science than any work 
ever published before, or which is 
likely to be published hereafter, 
showed that precise mathematical 
methods were applicable to those 
branches of science such as astronomy, 
and what we now call physics, which 
occupy a very large portion of the do- 
main of what the older writers under- 
stood by natural history. And inas- 
much as the partly deductive and 
partly experimental methods of treat- 
ment to which Newton and others 
subjected these branches of human 
knowledge, showed that the phenom- 
ena of nature which belonged to them 
were susceptible of explanation, and 
thereby came within the reach of what 
was called "philosophy" in those days; 
so much of this kind of knowledge as 



was not included under astronomy 
came to be spoken of as "natural phil- 
osophy" — a term which Bacon had 
employed in a much wider sense. 
Time went on, and yet other branches 
of science developed themselves. 
Chemistry took a definite shape; and 
since all these sciences, such as as- 
tronomy, natural philosophy, and 
chemistry, were susceptible either of 
mathematical treatment or of experi- 
mental treatment, or of both, a broad 
distinction was drawn between the 
experimental branches of what had 
previously been called natural his- 
tory and the observational branches — 
those in which experiment was (or 
appeared to be) of doubtful use, and 
where, at that time, mathematical 
methods were inapplicable. Under 
these circumstances the old name of 
''Natural History" stuck by the re- 
siduum, by those phenomena, which 
were not, at that time, susceptible 
of mathematical or experimental 
treatment; that is to say, those 
phenomena of nature which come 
now under the general heads of 
physical geography, geology, miner- 
alogy, the history of plants, and the 
history of animals. It was in this sense 
that the term was understood by the 
great writers of the middle of the 
last century — Buffon and Linnaeus — 
by Buffon in his great work, the " His- 
toire Naturelle Generale," and by 
Linnaeus in his splendid achievement, 
the " Systema Naturae." The subjects 
they deal with are spoken of as "Nat- 
ural History," and they called them- 
selves and were called " Naturalists." 
But you will observe that this was 
not the original meaning of these 
terms ; but that they had, by this time, 
acquired a signification widely differ- 
ent from that which they possessed 
primitively. 

The sense in which " Natural His- 
tory" was used at the time I am now 
speaking of has, to a certain extent, 
endured to the present day. There 
are now in existence in some of our 
northern universities, chairs of " Civil 
and Natural History," in which "Nat- 
ural History" is used to indicate ex- 
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actly what Ilobbes and Bacon meant 
by that term. The uhappy incumbent 
of the chair of Natural History is, or 
was, supposed to cover the whole 
ground of geology, mineralogy, and 
zoology, perhaps even botany, in his 
lectures. 

But as science made the marvellous 
progress which it did make at 
the latter end of the last and 
the beginning of the present cen- 
tury, thinking men began to dis 
cern that under this title of 
"Natural History" there were in- 
cluded very heterogeneous constitu- 
ents — that, for example, geology and 
mineralogy were, in many respects, 
widely different from botany and 
zoology ; that a man might obtain an 
extensive knowledge of the structure 
and funtions of plants and animals, 
without having need to enter upon the 
study of geology or mineralogy, and 
vice versa / and, further, as knowl- 
edge advanced, it became clear that 
there was a great analogy, a very close 
alliance, between those two sciences 
of botany and zoology which 
deal with living beings, while they 
are much more widely separated 
from all other studies. It is due to 
Buffon to remark that he clearly recog- 
nized this great fact. He says: "Ccs 
deux genres d'ctres organises [les 
animaux et les vegetaux] ont beau- 
coup plus de proprietes communes 
que de differences reeles." There- 
fore, it is not wonderful, that at the 



man, Treviranus. Bichat* assumed 
the existence of a special group of 
" physiological " sciences. Lamarck, 
in a work published in 1801,t for the 
first time made use of the name 
"Biologic," from the two Greek 
words which signify a discourse 
upon life and living things. About 
the same time it occurred to Trevi- 
winus, that all those sciences which 
deal with living matter are essen- 
tially and fundamentally one, and 
ought to be treated as a whole ; and, 
in the year 1802, he published the 
first volume of what he also called 
" Biologic." Treviranus's great merit 
lies in this, that he worked out his idea 
and wrote the very remarkable book 
to which I refer. It consists of six 
volumes, and occupied its author for 
twenty years — from 1802 to 1822. 

That is the origin of the term 
" Biology ; " and that' is how it has 
come about that all clear thinkers 
and lovers of consistent nomencla- 
ture have substituted for the old con- 
fusing name of "Natural History," 
which has conveyed so many mean- 
ings, the term " Biology," which de- 
notes the whole of the sciences which 
deal with living things, whether they 
be animals or whether they be plants. 
Some little time ago — in the couree 
of this year, I think — I was favored 
by a learned classic, Dr. Field of 
Morvvich, with a disquisition, in which 
he endeavored to prove that, from a 
philological point of view, neither 
beginning of the present century, in I Treviranus nor Lamarck had anj 



two different countries, and so far as 
I know, without any intercommuni- 
cation, two famous men clearly con- 
ceived the notion of uniting the 
sciences which deal with living mat- 
ter into one whole, and of dealing 
with them as one dicipline. In fact, 
I may say there were three men to 
whom this idea occurred contempo- 
raneously, although there were but 
'two who carried it into effect, and 
only one who worked it out complete- 
ly. The pei*sons to whom I refer 
were the eminent physiologist Bichat, 
and the great naturalist Lumarck, in 
France ; and a distinguished Ger- 



right to coin this new word " Hiol- 
ogy " for their purpose ; that, in factf 
the Greek word " Bios " had relation 
only to human life and human affairs., 
and that a different word was em- 
ployed by tlie Greeks when they 
wislied to speak of the life of ani- 
mals and plants. So Dr. Field tells 
us we are all wrong in using the term 
biology, and that we ought to employ 
another; only he is not quite sure 

* See the distinction between tbfi 
"sciences physiques" and the "sciences 
physiologiques" in the "Anatomic Qen- 
erale,'' 1881. 

t " Ilydrogeologie," an. x (1801). 
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about the propriety of that which he 
proposes as a substitute. It is a some- 
what hard one — " zootocology." I am 
sorry we are wrong, because we arc 
likely to continue so. In these matters 
we must have some sort of " Statute 
of Limitations." When a name has 
been employed for half a-century, 
persons of authority* have been 
using it, and its sense has become 
well understood, I am afraid that 
people will go on using it, whatever 
the weight of philological objection. 
Now that we have arrived at the 
origin of this word *' Biology," the next 
point to consider is : What ground 
does it cover? I have said that, in 
its strict technical sense, it denotes all 
the phenomena which are exhibited 
by living things, as distinguished 
from those which are not living ; but 
while that is all very well, so long as 
we confine ourselves to the lower ani- 
mals and to plants, it lands us in con- 
siderable difficulties when we reach 
the higher forms of living things. For 
whatever view we may entertain about 
the nature of man, one thing is per- 
fectly certain, that he is a living crea- 
ture. Hence, if our definition is to be 
interpreted strictly, we must include 
:^an and all his ways and works under 
the head of Biology ; in which case, 
we should find that psychology, poli- 
tics, and political economy would be 
absorbed into the province of Biology. 
In fact, civil history would be nierged 
in natural history. In strict logic it 
may be hard to object to this course, 
because no one can doubt that the 
rudiments and outlines of our own 
mental phenomena are traceable 
among the lower animals. They have 
their economy and their polity, and 
if, as is always admitted, the polity of 
bees and the commonwealth of wolves 
fall within the purview of the biolo- 
gist proper, it becomes hard to say 

* " The term Biology ^ which means ex- 
actly what we wish to express, the Science 
of Life^ has often been used, and has of 
late become not uncommon among good 
writers." — ^Whewell, "Philosophy of the 
Inductive Sciences," voL i. p. 544 (edi- 
tion of 1847). 



why wc should not include therein 
human affairs, which in so many cases 
resemble those of the bees in zealous 
getcing, and are not without a certain 
parity in the proceedings of the wolves. 
The real fact is that we biologists are 
a self-sacrificing people; and inaa 
much as, on a moderate estimate, 
there are about a quarter of a million 
different species of animals and plants 
to know about already, wc feel that 
wo have more than sufficient territory. 
There has been a sort of practical 
convention by which wc give up to 
a different branch of science what 
Bacon and Hobbs would have called 
" Civil History. " That branch of sci- 
ence has constituted itself under the 
head of Sociology. I may use phrase- 
ology which, at present, will be well 
understood^ and say that we have al- 
lowed that province of Biology to be- 
come autonomous ; but I should like 
you to recollect that that is a sacri- 
fice, and that you should not be sur- 
prized if it occasionally happens that 
you see a biologist apparently tres- 
passing in the region of philosophy 
or politics ; or meddling with human 
education ; because, after all, that is ' 
a part of his kingdom which he has 
only voluntarily forsaken. 

Having now defined the meaning of 
the vv^ord Biology, and having indi- 
cated the general scope of Biological 
Science, I turn to my second question, 
which is — Why should we* study Bi- 
ology ? Possibly the timo may come 
when that will seem a very odd ques- 
tion. That we, living creatures, should 
not feel a certain amount of interest 
in what it is that constitutes our lifie 
will eventually, under altered ideas of 
the fittest objects of human inquiry, 
appear to be a singular phenomenon ; 
but at present, judging by the practice 
of teachers and educators. Biology 
would seem to be a topic that does 
not concern us at all. I propose to 
put before you a few considerationft 
with which I dare say many will be 
familiar already, but which will suffice 
to show — not fully, because to dem- 
onstrate this point fully would take a , 
great many lectures — that there are/ 
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very gooa and substantial rea- 

18 why it mfty bo a<lvis,iblo that we 

^oiild know eoiacthing about this 
branch of human learning. 

I niystlf eiitiCL'ly agwn ivith 
othoi' sf ntinieiit of the philoaophe 
MaliiiL'sbury, "that the scope of all 
spcculiuiuii is thu perfontiatice of 
HoiQc autioii Of tiling to be done," aiid 
1 have not any ix-i'v great rflspeol for, 
or interest in, m«Tu knowing as suuh. 
I jtidgu of the viilue of human pur- 
fiuits by their bearing upon human in - 
fercBts; in other words, by their utili- 
»i but. 1 Rhouhl like that we shoald 
Ifftriy understand what it ii 

niL'an by thia wonJ "utility,' 

III nti Kiiglishinun's muiUh it generally 

means ilnit by whiuli we get pudding 

f>r praise, or batb. I have nu donbt 

.. that is one incaiiing of tbu word ntili 

^, but it by no means includea all I 

eau by utility. 1 think that kn< 

p4dge of every kind is useful in 

t>ortioii aa it tends to give people r 

ideas, which are essential to the f- 

datiou of right iiractioe, and ic 

move wrong ideas, whiub are the 

e essential foundations and fertile 

Khers of wery desoriptJon of e 

[^iractioe. And inasuiueh as, wbat- 

' practical people may say, 
nrldis, ^'terall, absolutelygoVemed 
Y ideas, and vwy often l>v the wild- 
it and most hypothelJeal ideas, it is 
''8 matter of Iho very greatest impor- 



tauue that 1 

oven of ihiiigB that 

apart from our dailj 



s f .ir in 



jH>ttble 



s of things, imd 
em a long way 
lives, should be 
', and as far as 
ui error. It is 
r practical sense 



possible i-euiovi'd fr 
not only in the coarsi 

of the word "utility," but iti ibis higher 

and broader sen.-ie, that I measure the 

value of the utiidy of biology by ita 

utility; and I shall try to point out to 

you llial you will feel llie need of 

mie knowledge of biology at a great 

luiy turns of this present nineteenth 

URiury life of ours. For example, 

Bioet of us attach great importanoe to 

the conception whiuhwe entertain of 

the poxiiiou of man in this universe, 

And hia relation toilie rest of nature. 

» "We have almost all been told, and 



most of us hold byllio tradition, that 
man occupies an iiohited and peculiar 
position in nature; tha^ though he is 
in the world, he is nut of t!ie world ; 
that his relations to t!ii]tg» about him 
are of a remote ub.iraeter; that hia 
origin is recent, iiis durutimi likuly to 
be ^lort, and that he h the gi-eat eei.- 
Kt-M f.gnrc round wliieh other things 
in this world revolve. But this is not 
what the biologist tells ns. 

At the pre.scnt moment you will he 
kind enough to separate nicf rom them, 
because it is in no way essential to my 
present argument that I should advo- 
cate their views. Don't suppose that 
I am saying this fur the purpose of 
eaeapiug the responsibility of their be- 
liefs ; ludeed, at other times, and in 
other plaoes, I do not think that point 
has been left doubtful ; but I want 
clearly to point out to you that for my 
present argument they may all be 
wi-ong : and, uevertheiess, my argu- 
ment will hold good. The biulogistB 
tell us that all this is an entire mis- 
take. They turn to the physical 
organization of man. They examine 
his whole structure, hia bony frame 
and all that clothes it. Tii<-y I'esulve 
him into tile 11 nest particles into wluch 
the microscope will enable thorn to 
break it up. They onsider the per- 
formance of his various f unetinns and 
activities, and they look at the maniur 
in which he oceui's on the surface of 
the world. Tiien they turn to other 
animals, and taking the tirnt handy 
domestic animal — say a dog — they 
profess to be able tudemonstratn that 
the analysis of the dog lead.s them, in 
gross, to pi-ecisely the same results ae 
the analysis of ihe man; thattheyfiad 
almost identically the same bones, 
having tlio same relations j that thoy 
can name the muscles of the dog by 
iiame^ of the muscles of the man. 
and the nerves of the dog by those 
of the nerves of the man, and thai 
Bucb structures and oi'gans of the 
sense aa we find in the man such 
also we find in the dog ; they analyze 
the brain and spinal cord, and they 
liiid that tiie momenclature which tits 
the one answers for the other. They 
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carry their microscopic inquiries in 
the case of the dog as far as they 
can, and they find that his body is 
resolvable into the same elements as 
those of the man. Moreover, they 
trace back the dog's and the man's 
development, and they find that, 
at a certain stage of their exist- 
ence, the two creatures are not dis- 
tinguishable the one from the other ; 
they find that the dog and his 
kind have a certain distribution 
over tlic surfrtce of the woild, com- 
parable in its way to the distribution 
of the human species. What is true 
of tlio dog they tell us is true of all 
the higher animals ; and they assert 
that they can lay down a common 
plan for the whole of these creatures, 
and regard the man and the dog, the 
hoi'se and the ox as minor modifica- 
tions of one great fundamental unity. 
Moreover, the investigations of the 
hvst three-quailei's of a century have 
proved, they tell us, that similar in 
quiries, carried out through all the 
different kinds of animals which are 
met with in nature, will lead us, not 
in one straight series, but by many 
roads, step by step, gradation by 
gradation, from man, at the summit, 
lo specks of animated jelly at the 
bottom of the series. So that the 
idea of Leibnitz, and of Bonnet, that 
animals form a great scale of being, in 
which there are a series of gradations 
from the most complicated form to 
the lowest and simpest; that idea, 
though not exactly in the form in 
which it was propounded by those 
philosophers, turns out to be substan- 
tially correct. More than this, when 
biologists pursue their investigations 
into the veijetable world, thev find 
that they can, in the same way, fol- 
low out the structure of the plant, 
from the most gigantic and compli- 
cated trees down through a similar 
series of gradations, until they arrive! 
at specks of animated jelly, which ! 
they aiv puzzled to disti gu ish from i 
those specks which they reached by 
the animal i*oad. 

Thus, blo'vigists have arriveil at the ^ 
ocr.cltioion cLiit a fundamental uui- ' 



formityof structure pervades the ani- 
mal and vegetable worlds, and that 
plants and animals differ from one 
another simply as diverse modifica- 
tions of the same great general plan. 

Again, they tell us the same story 
in regard to the study of function. 
They admit the large and inportanfc 
interval which, at the present time, 
separates the manifestations of the 
mental faculties, observable in the 
higher forms of mankind, and even 
in /ho lower forms, such as we know 
them, from tfiose exhibited by other 
animals; but, at the same time, they 
tell us that the foundations, or rudi- 
ments, of almost all the faculties of 
man are to be met v/ith in the lower 
animals ; that there is a unity of men- 
tal faculty as well as of bodily struc- 
ture, and that, here also, the differ- 
ence is a difference of degree and not 
of kind. I said *' almost all," for a 
reason Among the many distinc- 
tions which have been drawn between 
the lower creatures and ourselves, 
there is one which is hardly ever in- 
sisted on,* but which may be very 
fitly spoken of in a place so largely 
devoted to Art as that in which 
we are assembled. It is this, that 
while, among various kinds of ani- 
mals, it is possible to discover traces 
of all the other faculties of man, es- 
pecially the faculty of mimicry, yet 
that particular form of mimicry 
which shows itself in the imitation of 
form, either by modellinp^ or by draw- 
ing, is not to be met with. As far as 
I know, there is no sculpture or mod- 
elling, and decidedly no painting or 
drawing, of animal origin. I men- 
tion the fact, in order that such 
comfort may be derived therefrom 
OS artists may feel inclined to take. 

If what the biolosfists tell us* is 
true, it will be needful to get rid of 
our erroneous conceptions of man, and 
of his place in nature, and to substi- 
tute right ones for them. But it is 
impossible to form any judgment as 
to whether the biologists are right or 

* I think tbaf my iriend Professor All- 
oan wus the tirst to draw attention to it« 
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ing, unless wc are ablu to appreol 
the- tiabirc nf the arguments which 

ey havu to offer. 

One would almost think this to be 

^If-evident propositiim. 1 wonder 
vhat a echolikf would say to tho lui 
who should undertake to uriticiso 
dtlllGult pas!i3ge in a Greek play, but 
who obviously had not acquainted 
himself with the rudimeuts oF Greek 
grammar. And yet, before giving 
positive opinions about these high 
questions of Biology, people not ou!y 
do not seem to think it iieoeasary to 
be auquaiiiteil with the grammar of 
the subject, but they have not even 
mastered the alphabet. You find 

itioism and denunciation showered 
'Ut by peraoiis, who not only have 

It attempted to go through the dis- 
'"oiplino necessary to enable tliern to 
be judges, but who have not even 
reached that stage of emergence from 
ignorance in which tho knowledge 
that euoh a discipline is necessary 
dawns upon the mind. I have had 
to watch with some attention — in fact 
I have been favored with a gooil deal 
of it myself— the sort of criticism 
with which biologists and biological 
teaobingsare visited. I am loUl every 
now and then that there is a "biil- 
liant article"* in so-and-so, in which 
we are all demolished. I used to read 
these things once, but I am getting 
old now, and I have ceased to attend 
very much to this cry of "wolf." 
When one does read read any of these 
productions, what one finds generally, 
on the face of it, is that the brilliant 
Clitic is devoid of even the elements 
of biological knowledge, and that 
his brilliancy is like the light given 
out by the crackling of thorns under 
n pot of which Solomon speaka. 
So far as I recoOect, Solomon makes 



use of the image for the puqioscs of 
comparison! but I will not proceed 
*iu1iiier into thai matter. 

Two things must be obvious; iu 
the first place, that every man who 
has the in' erests of truth at heart nmst 
earnestly desire that every well-found- 
ed and juMt criticism that can be made 
should be made ; but that, in the sec> 

id place, it is essential to anyboily'iS 
being able to benefit by criticism, that 
the critic nhoiild know what lie is tallc- 
iug abont, and be in a jiosition to 
foiTO a mental image of the facts 
symbolized by the words he uses. If 
nut, It is obvious in the case of a bi- 
ological argument, as it is iu that of 

historical or philological dlscus'^ion, 

lat such criticism is a mere waste of 
time on the part of its author, and 
wholly undeserving of attention on 
the part of those wlio are critioised' 
Take it then as an iUustratluu of the 
importance of biological study, that 
thereby alone are men able to form 
lathing like a rational oouoepti'in 
of what constitutes valuable Qriliujeiu 
of tho teachings of biolot;i8t9.' 
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Qslileo was troubled by o sort of 
iplg whom he called " paper philoso- 1 
fliers," because the; fancied tliat the true 
Blading ot nature was to be detrctod by 
the collation of texts. The ruee ia not 
extinct, but, as ol old, brings forth its 
winds of doctriae" by which tho 
weathercock heads anon^ us are much 
MKTcised. 



*8oiiic critics du not even take llio 
rouble to road. I have rccentiv beoa 
odjiired with much snlemnit;, to Btnt« 
puljlicly why I have "changed my opin- 
ion " aa to the value (if the paliecntolo- 
gical evidence ut the occuxn-nco of uvii- 

To this mj reply is, Why ahouM 1, 
when tliut statement was made seven 
years ago } An address delivered from 
the Presidential Chair of the Ueolu^cat 
Society, in 1870, may be said to bo a pub- 
lic document, iniismuch ua it nut only 
appeiirtd in tho Joamal of tlial learned 
body, but was re-pii Wished, in 1873, in a 
volume of " Critiques and AddrMasea," to 
which my name is attached. Therein 
wili bo found a pretty full atateuient of 

" "KasoDB for enunciiiting two propo- 
la: (IJ that "when wo turn to the 
higher TerM>Tata, ilie results of recent 
investigationa, however wo may sifc and 
criticise tlicu), seem to me to leave a clear 
balance in favurot the evolution of living; 
forms one from another;" and [%) th*i 
the caso of the horse is one whici ''will 
stand rigorous criticism." 

Thus I do not see clearly in whit way 
I can bo said lo have changed my opin- 
ion, except in the way of jnlenaitying it, 
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Next, I may mention another Dear- 
iiig of biological knowledge — a more 
practical one in the ordinary sense of 
the word. Consider the theory of in- 
fectious disease. Surely that is of 
interest to all of us. Now, tl 'j theory 
of infectious disease Is ra})id'-y being 
elucidated by biological study. It is 
possible to producjc, from among the 
lower animals, examples of devasta- 
ting diseases which spread in the same 
manner as our infectious disorders, 
and which are certainly and uiimis- 
takably caused by living organisms. 
This fact renders it possible, :it any 
rate, that that doctrine of the cau- 
sation of infectious disease which is 
known under the name of " the germ 
theory" may be well-founded; and, 
if so, it must needs lead to the most 
important practical measures in deal- 
ing with those terrible visitations. It 
may be well that the general, as well 
as the professional, public should have 
a sufficient knowledge of biological 
tniths to be able to take a rational in- 
terest in the discussion of such prob- 
lems, and to see, what I think they 
may hope to see, that, to those who 
possess a sufficient elementary knowl- 
edge of Biology, they are not all 
quite open questions. 

Let me mention another important 
practical illustration of the value of 
biological study. Within the last 
forty years the theory of agriculture 
has been revolutionized. The re- 
searches of Liebig, and those of our 
own Lawes and Gilbert, have had a 
bearing upon that branch of industry 
the importance of which cannot be 
overestimated ; but the whole of these 
new views have grown out of the 
better explanation of certain pro- 
cesses which go on in plants; and 
which, of coui*se, form a part of the 
subject matter of Biology. 

I might gc on multiplying these 
examples, but I see that the clock 
won't wait for me, and I must there- 



when in con?equence of the accumulation 
of similar evidence since 1870, 1 recently 
spoke ot the denial ot evolution as not 
worth serious consideration. 



fore pass to the third question to 
whi'^h I referred : Granted that Biol- 
ogy is something worth studying, 
what is the best way of studying itt 
Here I must point out that, since 
Biology is a physical science, the 
method of studying it must needs be 
analogo,us to that which is followed 
in the other i)hysical sciences. It has 
now long been recognized that, if a 
man v/ishes to be a chemist, it is no^ 
only necessary that he should read 
chemical books and attend chemical 
lectures, but that he should actually 
perform the fundamental experimenta 
in the laboratory for himself, and 
thus learn exactly what the words 
which he finds in his books and hears 
from his teachers mean. If he does 
not do so, he may read till the crack 
of doom, but he will never knowmueii 
about chemistry. That is what every 
chemist will tell you, and the physicist 
will do the same for his branch of 
science. The great changes and im- 
provements in physical and chemical 
scientific education, which have taken 
place of late, have all resulted from 
the combination of practical teaching 
with the reading of books and with 
the hearing: of lectures. The same 
thing is true in Biology. Xobody 
will ever know anything about Bi- 
ology except in a dilettante *' paper- 
philosopher" way, who contents him- 
self with reading books on botany, 
zoology, and the like ; and the reason 
of this is simple and easy to under- 
stand. It is that all language is 
merely symbolical of the things of. 
which it treats ; the more complicated 
the things, the more bare is the sym- 
bol, and the more its verbal definition 
requires to be supplemented by the 
information derived directly from the 
handling, and the seeing, and the 
touching of the thing symbolized : 
that is really what is at the bot- 
tom of the whole matter. It is 
plain common sense, as all truth, 
in the long run, is only common 
sense clarified. If you want a man to 
be a tea merchant, you don^t tell him 
to read books about China or about 
tea, but yor. put him into a tea mer- 
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chant's office, where he has the hand- 
ling, the smelling, and the tasting oi 
tea. Wiliout the sort of knowledge 
which can be gained only in this 
practical way, his exploits as a tea 
merchant will soon come to a bank- 
rupt termination. The '' paper-philos 
ophers" are under the delusion that 
physical science can be mastered as 
literary accomplishments are ac- 
quired, but unfortunately it is not so. 
You may read any quantity of books, 
and you may be almost as ignorant 
as you were at starting, if you don't 
have, at the back of your minds, the 
change for words in detinite images 
which can only be acquired through 
the operation of your observing fac- 
ulties on the phenomena of nature. 

It may be said : — ''That is all very 
well, but you told us just now that 
there are probably something like a 
quarter of a million different kinds 
of living and extinct animals and 
plants, and a human life could not 
suffice for the examination of one- 
lif tieth part of all these." Tiiat is 
true, but then comes the great incon- 
venience of the way things are ar- 
ranged ; which is, that although 
there are these immense numbers of 
different kinds of living thing in ex- 
istence, yet they are built up, after 
all, upon marvellously few plans. 

There are certainly more than 
100,000 species of insects, and yet 
anybod}'- who knows one insect — if a 
»>roperly chosen one — will be able to 
have a very fair conception of the 
structure of the whole. I do not 
mean to say to say that he will know 
that structure thoroughly, or as well 
as it is desirable he should know it ; 
but he will have enough real knowl- 
edoje to enable him to understand 
what he reads, to have genuine im- 
ages in his mind of those structures 
which become so variously mo<lilied 
ill all the forms of insects he has not 
seen. In fact there are such things 
as types of form among animals and 
vegetables, and for the purpose of 
getting a definite knowledge of what 
oonstitutes the leading modifications 
t}{ animal and plant life, it is not need- 



ful to examine more than a compara- 
tively small number of animals and 
plants. 

Let me tell you what we do in 
the biological laboratory which is 
lodged in a building adjacent to this. 
There I lecture to a class of students 
daily for about four-and-a half months 
and iny class have, of course, tlieir 
text-books ; but the e sential part of 
the whole teaching, and that which I 
regard as really the most important 
part of it, is a laboratory for practi- 
cal work, which is simply a room 
with all the appliances needed for 
ordinary dissection. We have tables 
properly arranged in regard to 
light, microscopes, and dissect- 
ing instruments, and we work 
through the structure of a certain 
mimber of animals and plants. As, 
for example, among the plants, we 
take a yeast plant, a I^rotococcus, a 
common mould, a Ghara^ a fern, and 
some flowering plant ; among animals 
we examine such things as an Anioiba^ 
a Vbrticella, and a fresh- water polypo. 
We dissect a star fish, an ear h- 
worm, a snail, a squid, and a fresh- 
water nuissel. We examine a lobster 
and a cray-tish, and a black-beetle. 
We go on to a common skate, a cod- 
fish, a frog, a tortoise, a pigeon, and a 
rabbit, and that takes us about all the 
time we have to give. The purpose 
of this course is not to make skilled 
dissectors, but to give every studenta 
clear and detinite conception,by means 
of sense-images, of the characteristic 
structure of each of the leading modi- 
fications of the animal kingdom ; and 
that is perfectly possible, by going no 
further than the length of that list of 
forms which I have enumerated. If a 
man knows the structure of the ani- 
mals I have mentioned, he has a clear 
and exact, however limited, appre- 
hension of the essential features of 
the organization of all those great 
divisions of the animal and vegetable 
kingdoms to which the forms 1 have 
mentioned severally belong. And it 
then becomes possible for hipi to read 
with profit ; because every t'me he 
meets with the name of a structure^ 



«! [§51I OX THE STTDT OF BH>LO€nr. 

^ h;as a iledsJte tiis:JU{e la IlL> ciiad ol ai]i«w«r. XeTertiieleaB I xmzBC tsL t&K 

whakfi tlic a;uxiie m!eaa:< in tlic particu- rt*k o£ wiearyin:^: jixu. sa\r n w*>nl ir 

IjLr cr^akCttrv h* is n^zidin^ aI>oat^ aa-d twi> srpoa tke iuipartaiit saijjef:c ;t 

ttier^focv* the nKtuinu^ c* aoc niAfre miKeamiSw Wtthoat douhc mere !jni 

D^ijbdut^. It i* HOC ix»r«^ n^petiuoa of no ii!eip$ to the studr of Bic *}*r' ir 

w\?rvis> : bac erwr temt empk^yvd ia. rusher to soaie branchfe» of Lc -vnicti 

(a< vieoCctpctocL we wiii say* of jkhors^. are. or imskj be. mure izixportiar zasbl 

oc of a:! eLepbooLt. will call op the nacxml hotorj nLmieains : jfjJL, in. 

ixxta^ of the thixtg!^ he had seen in order to take this place in rerrtrri ta 

the raboiw and he ^ able to fonxL a Bioiotrj. the^ most be nuzsenms'if zim: 

db$cinct v^NIcepcbk>a of tha^i which, he fncnre. The aLnsenms of the nres^ic 

has nov <eesi^ :&^ a modillcaiiBoa of do not. hj an j iw>^»* do ao imii;!i ^ir 

tha^ wbdcti he hA:^ seen. as as tbej in^:ht do. I do :Mt -rrsn. 

I tixtd chb* svscent to Tmd exeeuenC to partiealan2& bat I 'iire sij manv- 

ce^ulcs i :inc 1 have no he^cacien of too* se^inx knowiedge. ^ir in zj3Bt 

whatever in sajiii^ taan any one who laaiibie desire to emploj a iiii»i»iay 

h£&^ ^Hie thcuirh sujch a o%Hrr*e> an :xs«niilT.iave irisDBd some xr^'-^ zumt- 

tetttiveiT. is in a better pouttLon to raLhiscoririiLaseani. To«Lhirr?'VTUiffi<i 

fijcnr a coaeepdon of the great trttths throngti a t^nanser of a miie :f Ai~i^ 

ef I>iot.ot£v\ eH>eeiaiiv of nion>aoiOiCT sials. more or less wefli scnfeL tzul 

V which is wuac we calefbr deai. wirh . their lonir names w nujor our ui'lis'- 

uxan :f we 3iereiy read all the books neach :iienLi ami. anLeas vrjor irp«>- 

Ki 'has cooic x}ixz to^^etirtir- rience is ir«rr ^^ifisnHit n^im. zhsl it 

The vn;uneccicn of tiiis 'iiijcoarse moi^ peoote. the :znshoc »jf x ^ :s 

wtch the Loan Coiiecdon of Sciencfiic !±ac jon iea;ve than spienttht pile nrmr 

jQoaractis arises otic of the eThibt- sore !5eec. a b^ headaftrhew Jn«L a r"^- 

cLoti in diac coiiecciLrn of cer^^Ln aiiis enl id^ thac the anrmal k:n^!»ioni is 

50 o<tr iaJcracorv ^vr-irk. Soirn of j^jil a "Tni^chEv oxaae wirhom: a plan. ' ^ it> 
«^ iiave visiced that ^enr incer^stin^ 30c iinink rhac a mnsenrn woiini "jttii:^ 

;Muecdon :nax hare nocijce»i a series ahtmc this resniii ijj^e* 31L riar 11117 jt 

of «iL ^rrams and o^f preparacfoos ilns- reiKonabij rfxpeeted rsnn socn in Jt- 

scatinirthe scracrore of a rrfj^. Th.o«*e stination. Whar is needed in i r^ur*?^ 

oiairrams ind iicetiaracions have oti^SL don if naucxriL iiisannr ii? Tuot s 

mane 5«'r the ^ise of the scideni^ sh«?«ild he Timti? 3S ji^nsHOitr s:a jk- 

ht the DLoioc^caL iaCKnraiMcy: Sinriiar ^seriL as T«g«bie. in ::he me iztc.L :t? 

^Eairtrams •«"*? iireDacsrons iilns- the ijoxeraL ^lIQtIc. and ju ti:*r >iii^=£" 

rracific ^he scroirture of ad the oo sciencim: wirksss^ Thac iicj^i u? 

ocaer 5^mxs jf iice we examine, noc oiet: ay^ ^nstr-nrtimr i ^-tt t 

ace eichtac mmie jc in coarse of haciD^ hQnchm:~'jLL»iuud i£ 3Xiir-*- *r 

pr:!paracira» Thus rie scxdenir has xubs v:as«» : and. onder tob pr»i=:tfi\j-- 

betore !iim» ir^a;. a 3ii.-ran* Tf ihe 'if ^xhipning ^verytaingi pmnnsr -25 

jcrnccure h» omrhc :o see; see^.Tadly. Ttiki'inimL jminnm if 'HMCurie .n 

the scrfflctm» iisiif wi/rksjd jiic : aad war or thti^e who ^isu. ptnnerr^ tu 

it wiCL diese jiiiffi^ aud smrn aeedtiL svrwn^ 

es^iamiduas jnd ^cacccaL imics js a W~hac the puhiiir wane is sfi^" iz?i. 

iibaLUEti^crariJc vntn supniv-^ he .."annoc ^znnindsndac&esK^sfiiBSL a r'jiit^aun 

T T^»«:- joxr ne 5«cts 5jr imseif oi "^e as they can. imussKand jod ipprT!e5:> 

:iT?«r t.»~?*i« ^ ^xpDiied :w iiinL. he had ace: sid whac thff miBi^ of «ttas» 

hecjsr "niKi :u aome odxerpoEaaii: rian wane is ^mnar aensaft an ^e Tiaierr - 

^rt«r It hmio^TinL sesence- ais of settBune. Ti this "ssim •:ne ^^^sm^ 

I sx&nud 3are heen z^ad tu iiajPi msKS /f jimajts iz aacnraL ji£Ci»r^ 

Slid i 5fctw wjiT-i^ xhtiinr "iie xse if suiuid he nroMl inni rw^J p*rri — 

nuaiemiiiiiiLthi^^svad^ if XuitftE^'* hor I ma ipesr :u ta» ptmiiiL. zhtt •j;r:«?rr :o 

thac -If tmtir .s hecominic ioori. men if xisste&, «i«nr iskj. ^s^t 

I hiiy^ mK jmicfiisr v^nssdun 'xi -^irrrwr- jajFomm. maaid. 'iMmniirw / 



ON THE STUDY OP BIOLOGY. 



[652] 47 



all the more important and inter- 
esting forms of life. Explana- 
tory tablets should be attached to 
them, and catalogues containing 
clearly-written, popular expositions 
of the general signitioance of the ob- 
jects exhibited should be provided. 
The latter should contain, packed into 
a comparatively small space, in rooms 
adapted for working purposes, the 
objects of purely scientific interest. 
For example, we will say I am an 
ornithologist. I go to examine a col- 
lection of birds. It is a positive' nui- 
sance to have them stuffed. It is not 
only sheer waste, but I have to reckon 
with the i teas of the bird-stuffer, 
while, if I have the skin and nobody 
has interfered with it, I can form my 
own judgment as to what the bird 
was like. For ornithological pur- 
poses, what is needed is not glass 
cases full of stuffed birds on perches, 
but convenient drawers into each of 
which a great quantity of skins will 
go. They occupy no great space, and 
do not require any expend ture be- 
yond their original cost. But for the 
edification of the public, who want to 
learn indeed, but do not seek for mi- 
nute and technical knowledge, the 
case i,-: diifeient. What one of the 
geneial public walking into a collec- 
tion of birds desires to see is not all 
the birds that can be got together, 
lie does not want to compare a hun- 
dred species of the sparrow tribe side 
by sido ; but he wishes to know what 
a bird is, and what are the great 
modifications of bird structure, and 
to be able to get at that knowledge 
easily. What will best serve his pur- 
pose is a comparatively small number 
of bii-ds carefully selected, and artisti 
oj*lly, as well as accurately, set up ; 
with their different ages, their nests, 
their young, their eggs, and their 
skeletons side by side ; and in accord- 
ance with the admirable plan which 
is pursued in this museum, a tablet, 
telling the spectator in legible char- 
acters what they are and what they 
mean. For the instruction and recre- 
ation of the public such a typical col- 
lection would be of far greater value 



than any many-acred imitation of 
Noah^s ark. 

Lastly comes the question as to 
when biological study may best be 
pursued. I do not see any valid rea- 
son why it should not be made, to ai 
certain extent, a part of ordinary 
school training. I have long advo- 
cated this view, and I am perfectly 
certain that it can be carried out with 
ease, and not only with ease, but with 
very considerable profit to those who 
are taught ; but then such instruction 
must be adapted to the minds and 
needs of the scholars. They used to 
have a very odd way of teaching the 
classical languages when I was a boy. 
The first task set you was to learn the 
rules of the Latin grammar in tht^ 
Latin language — that being the lan- 
guage you were going to learn! I 
thought then that this was an odd 
way of learning a language, but did 
not venture to rebel against the judg- 
ment of my superiors. Now, perhaps, 
I am not so modest as I was then, and 
I allow myself to think that it was a 
very absurd fashion. But it would 
be no less absurd, if we were to set 
about teaching Biology by putting 
into the hands of boys a series of de- 
finitions of the classes and orders of 
the animal kingdom, and making 
them repeat them by heart. That is 
so very favorite a method of teaching, 
that I sometimes fancy the spirit dt 
the old classical system has entered 
into the new scientific system, in 
which case I would much rather thai 
any pretence at scientific teaching 
were abolished altogether. What 
really has to be done is to get into 
the young mind some notion of what 
animal and vegetable life is. In this 
matter, you have to consider practi- 
cal convenience as .well as other things.^ 
There are difficulties in the way of a 
lot of boys making messes with slugs 
and snails ; it might not work in prac- 
tice. But there is a very convenient 
and handy animal which everybody 
has at hand, and that is himself ; klid 
it is a very easy and simple matter to 
obtain common plants. Hence th'9 
general truths of anatomy and physi- 
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ology can be taught to young people 
in a very real fashion by dealing with 
the broad facts of human structure. 
Such viscera as they cannot very well 
examine in themselves, such as hearts, 
lungs, and livers, may oe obtained 
from the nearest butcher's shop. In 
respect to teaching something about 
the biology of plants, there is no prac- 
tical dilliculty, because almost any of 
the common plants will do, and plants 
do not make a mess — at least they do 
not make an unpleasant mess ; so 
that, in my judgment, the best form of 
Biology for teaching to very young 
people is elementary human physiol- 
ogy on the one hand, and the elements 
of botany on the other ; beyond that 
1 do lot think it will be feasible to 
advance for some time to come. But 
then I see no reason why, in second- 
ary schools, and in the Science Clas 
ses which are under the control of 
the Science and Art Department — 
and which I may say, in passing, 
have, in my judgment, done so very 
much for the diffusion of a knowledge 
of science over the country — we 
should not hope to see instruction in 
the elements of Biology carried out, 
not perhaps to the same extent, but 
still upon somewhat the same prin- 
ciple as here. There is no ditHculty, 
when you have to deal with students 
of the ages of 15 or 16, in practicing 
a* little dissection and in getting a 
notion of, at any rate, the four or Bve 
great modifications of the animal 
form ; and the like is true in regard 
to the higher anatomy of plants. 

While, lastly, to all those who are 
studying biological science with a 
view to their own edification merely, 
or with the intention of becoming 
zoologists or botanists; to all those 
who intend to pursue physiology — 
and especially to those who propose 
to employ the working years of their 
lives in the practice of medicine — I 
say that there is no training so fitted, 



or which may be of such important 
service to them, as the discipline in 
practical biological woyk which I have 
sketched out as being pursued in the 
laboratory hard by. 

I may add that, beyond all these 
different classes of pei-sons who may 
profit by the study of Biology, there 
is yet one. other. I remember, a 
number of years ago, that a gentle- 
man who was a vehement opponent 
of Mr. Darwin's views and had writ- 
ten some terrible articles against 
tfhenr, applied to me to know what 
was the best way in which he could 
acquaint himself with the strongest 
arguments in favor of evolution. I 
wrote back, in all good faith and sim- 
plicity, recommending him to go 
through a course of comparative 
anatomy and physiology, and then to 
study development. 1 am sorry to 
say he was very much displeased, as 
people often are with good advice. 
Notwithstanding this discourag ng re- 
sult, I venture, as a parting word, to re- 
peat the suggestion, and to say to all 
the more or less acute lay and clerical 
" paper-philosophers "* who venture 
into the regions of biological contro- 
versy — Get a little sound, thorough, 
practical, elementary instruction in 
biology. 



* Writers of this stamp aie fnd of 
talking about the Baconian mithod. I 
bcff them, therefore, to lay to heart tliese 
two weighty sayings of the herald of 
Modem Science: 

*' Syollogisnms ex propositionibus con- 
stat, prop<)sitiones ex ver!)is, verba no- 
tionum tesserae sunt. l*>que si n^tiones 
ipsas ii qitod basis rei est) confusflB sint et 
teaiere a rebus abstractae, nihil in liaquaB 
superstr untur est tirmitudinis. — *\No- 
vum Organon," ii 14. 

*'Huic autem vanitati nonnulli ex 
modernia s'.imuiH levitate ita indulserunt, 
ut in prime capitulo Gkneseos et -n libro 
Job et aliia scripturis sacris, philosoph- 
iam n;\turalem tiuidare conati sint ; inU^ 
vivos gudBrente» mortua, '^—lUd. , tJ5. 
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